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INTRODUCTION 


\ , 

W 

The  two  basic  elements  of  the  block  diagrams  at 
the  Whirlwind  computers,  e.g. ,  the  block  diagram  of  the 
accumulator  nr®  the  flip-flop  clrcui  . 

eod  the  gate  circuit,  symbol  GT.  These  two  elements  need 
not  necessarily  employ  vacuum  tubes,  since  other  non¬ 
linear  components  exist  which  might  possibly  be  used. 

However,  in  Whirlwind  I,  two  pentodes  and  a  pentode  trigger 
tube  will  be  used  for  each  flip-flop  and  a  pantoie  gate 
tube  will  be  employed  in  each  gate  circuit. 

Vacuum  tubes  are  al30  used  for  certain  special 
functions  in  the  computer,  such  as  the  sine-wave  oscillator 
or  the  pulse  generator  in  the  master  clock.  In  addition, 
vacuum* tube a  must  be  used  as  power  amplifiers  in  places 

where  a  puls©  is  to  be  generated  across  a  low  impedance.  ^ - 

(Ga3  tubes  will  not  be  used  in  any  of  the  high-speed  / 
circuits,  as  their  deionization  time  prohibits  their  use.  , 
However,  neon  lampB  will  be  used  as  indicators  on  all  flip-  , 
flops  and  o  thyratron  may  b©  used  in  the  push-button-pulee 
generator), 

Tho  total  number  of  tubas  for  Whirlwind  I  is  given 
in  M-132  of  this  volume  along  with  a  breakdown  of  the  number 
of  tubes  for  each  function.  Of  a  total  of  3500  tubes,  1150 
are  used  in  gat®  tube,  or  tin.® -coincidence  circuits,  700  are 
used  in  flip-flop  circuits,  and  870  are  used  as  buffer 
amplifiers.  Memorandum  M-131  lists  the  tube  types  used  for 
these  different  functions  and  explains  why  the  particular 
types  were  selected  for  Whirlwind  I. 

The  tube  used  in  flip-flop  circuits  and  for  many 
buffer  amplifiers  is  the  6aG7.  The  average  characteristics 
of  this  tube  are  given  in  R-118.  Life  tests  cf  the  6AG7  are 
described  in  ffi-119  and  BS-128;  a  photograph  of  the  life-test 
rack  is  shown  in  FB-291. 

Until  recently,  the  only  gate  tube  available  has  been 
the  Western  Electric  6AS6,  This  tube  has  proven  unsatisfactory 
at  the  pulse-repetition  frequency  and  with  the  pulse  shape  us 
in  the  Y&irlwlnd  computers  as  explained  in  M-80.  For  a  time, 
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an  attempt  was  made  to  use  the  6AS6 ,  since  no  other  gate  tube 
was  available.  This  is  described  in  R-104,  E-50s  E-  61  and 
"103.  Hcwevor,  a  special  gate  tube  was  developed  by 
yl vania 3  (Syl vania  type  No.  SR -1030),  and  use  of  the  6AS6 
was  abandoned.  See  Bd-80,  M-81,  M-82,  M-83,  13-103,  11-109, 
M-118,  11-116  and  E -73. 

Characteristics  of  neon  lamps  are  presented  in 
R-117  and  U-72» 


SR-1030. 


Photograph  FB-302  ahowe  the  new  Sylvaaia  gat©  tube. 
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In  the  -preliminary  design  and  experimental  work  connected  with  WW1, 
it  has  become  Increasingly  evident  that  the  systems  of  gating  which  axe  at 
present  available  are  Inadequate  and  represent  one  of  the  moist  serious 
limitations  In  the  solution  of  the  circuit  problem. 

The  problem  has  not  as  yet  been  satisfactorily  solved  by  the  use  of 
any  of  several  methods.  At  present  it  seems  that  steps  should  be  taken  to 
obtain  a  tubs  more  suitable  for  the  applications  which  we  have  In  WW1, 

Some  of  the  troubles  encountered  It*  two  of  the  methods  used  to  date 
are  list  ad  below., 

1.  METHOD  I.  6 ASS  GATING 
- 1 - - - -  < 

digits  in  control  lines  will  be  at  a  power  level  of  about  3  to 
6  watts  (15  to  33  volts)  at  100  ohms  lsnped.ar.ee  level,,  Alter  passing  through 
a  SAS6  gate  tube  these  signals  will  be  attenuated  to  about  Q„3  watts  (15  volts) 
at  1000  ohms  impedance  level .  Wherever  it  is  necessary  to  continue  the  path 
of  thin  signal,  a  buffer  amplifier  Is  needed  to  get  back  to  the  100  ohm  level 
at  the  2  to  6  watt  power  level,  liven  this  addition  is  not;  very  satisfactory 
since  the  output  of  the  gate  is  not,  enough  for  reliable  off-on  operation  of  the 
buffer  and  the  buffer  Introduces  additional  delay  and  reduces  bandwidth. 

In  some  instance s  it  is  possible  to  utilize  a  de..ay  line  as  a  means 
of  transferring  a  signal  from  one'  part  of  tr-.e  system  to  another  at  1000  ohms 
Impedance  level.  The  6AS6  will  provide  the  needed  signal  at  this  impedance 
level  by  driving  Grid  No.  1  and  Grid  No.  3  positive,  Just,  how  this  treatment 
effect  a"  tube  life  ie  not  known  at  present  but  there  are  indications  that  life 
will  bo  reduced.  It  Ie  highly  desirable  to  use  A„C„  coupling  in  os  much  of  the 
computer  as  possible  (See  Memorandum  No-,  ?'«77),  If  the  6n.bG  is  used  with  the 
gate  A  C.  coupled  to  the  suppressor,  the  requirements  for  the  coupling  circuit 
ara  complicated  by  the  fact,  that,  the  suppressor  must  bo  driven  about  five  wits 
positive  to  obtain  the  needed  output.  If  the  No,  1  grid  is  used  to  avoid  these 
coupling  problems,  the  No.  2  (screen)  grid  has  to  be  ran  above  rated  dissipation 
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to  obtain  output  required,  «au  on  :he  tuoo  infill  is  n  linf  tlat;  doctor, 

2,  UATfatUE  OATI'K  UoiK'J  3AC-7  1  ■ 

Dy  connecting  2,  &AG7’e  thru  a  common  cathode  ruBlator,  it  ic 
possible  to  use  a  poeitive  gate  signal  on  the  grid  of  ono  hb  a  neons  of 
bicslog  the  other  6AG7  oeyand  cutoff,  and  offeccively  cloning  the  gate  to 
signals.  In  the  absence  of  poeitive  gate  BignaLs  the  second  6AG7  conducts 
and  passes  the  digit  cpplied  to  Its  t  vm  grid.  This  system  definitely 
eliminates  the  need  of  the  buffer  and  maintains  lmpoeanco  levels  at  about 
100  ohrar-.  However,  compllcntLonn  arise  hero  in  '.hat.  the  connon  enthode 
resistor  In  parallel  with  the  output  impedance  of  the  gat.ng  tube  acts  as 
a  negative  feedback  path  to  digits  when  the  gats  ie  open  This  feedback 
reduces  the  gain  of  the  gate. 

By-paaaing  thla  resistor  in  effective  in  ollminntlng  the  feedback 
but  cauaes  sluggish  rls?  tiwo  on  the  gate  which  le  objectionable.  A  echemc 
of  avoiding  this  difficulty  hna  not  boon  found. 


At  present  work  In  proceeding  along  the  I5n«3  of  utilising  the 
6AbS  and  getting  around  the  associated  problems.  It  is  felt,  however,  that 
a  bettor  tube  should  be  obtalnod  for  jating  bo  that  future  work  will  not 
continually  be  h.urpered  by  the  gating  protl  m. 

The  specifications  foi  such  a  tube  are  attached  This  tube  should 
be  doslgred  for  Long  life  (of  tire  order  of  10,000  hours)  ind  uu3t  be 
adaptable  to  standard  icao6  production  methods. 

The  electrode  dlar.ipatloue  indicated  are  based  on  the  premi  eo  that 
the  tuba  will  be  operated  with  acturl  diesl  mtlone  equal  io  one-half  these 
rated  /alu&s  in  order  to  lacrenee  tube  life 
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H„  Wahno stock,  S,  Hi  i’uylor 

fBGMi  D„  H„  Bro»-n  and  L.  1>.  Wilson  Pat,®  1  of  S  par.®* 

SUBJECT  Trip  to  bylvenln  at  Sjnporium  to  Initiate 

Developrao)  t  of  Gate  Tuba 

KHCL05URJ2S  ik  Tentative  ipecificatlona  -  W>I  Jonjuter 
Switch  Tubs  . 

DATE;  Jim®  11  p  1947 

The  Sylvnri a  tube  plant  at  Emporium,  Pa,,  was  visited  by 
Brown  and  Wilson,  of  M„I,  T. ,  and  Moses  of  Sylvan! ft,  Boston,  on  June  9„  1947, 

A  meeting  to  diecuoE  the  proposed  tub©  vma  bald  in  the  office 
of  Mr,  Walter  R»  Jones,  Those  present  were 

Mr.  David  Ii.  Brown,  H.I.T. 

Mr.  Walter  R.  Jones,  Chief  Engineer  of  Sylvenlft0 8 
Radio  Division 

Mr.  Monto  Kiser,  Chief  Tube  Design  Engineer 

Mr.  Robert  3.  Mo  les.  Sylvan! a,  Boston 

Mr,  Eugene  X.  Ovormier,  Chief  of  Commercial 
>3nglaoering  lection 

Mr.  k  ill e  3).  Wilson,,  M.I.T,, 

The  specifications  for  the  proposed  gate  tube,  prepared  by 
Mo  sac  from  our  original  specifications,  were  present  id  to  the  group.  Those 
specifications  ere  listed  in  Enclosure  A, 

Mr.  Kiser  felt  that  a  tube  could  be  designed  to  meet  tbo 
specifications  without  much  difficulty.  A  pentagrid  tube  would  probably  be  the 
best  approach.  However,  both  a  pantngrid  tube  and  a  pentode,  a  larger  version 
of  the  6AS6,  would  be  designed.  The  pentegrld  tube  could  bo  gated  without 
driving  the  gating  grid  positive  and  be  more  desirable  than  the  pentode.,  The 
penttsgrld  tuba  would  alto  hare  lower  grld-to-plate  capacitance.  Design,  will 
probably  ctart  with  the  ntructuro  of  the  7W7  or  some  similar  tube.  Mr.  Kiser 
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that  the  specified  capacitances,  eupoclnlly  the  output  cnpecltrxcs, 
would  have  to  bf>  incronr.ed,  a. so,  tha  worsen  aloalpr.ticr.  may  hrvo  to  bb  Id- 
created.  LoctoJ.  conutrucUon  will  ba  usod  unless  we  specify  3ome  other  type. 

Mr.  Klcer  stated  thut  orr  specific Btlont  could  be  met  tutor  th ree 
or  four  preliminary  designs  had  been  built  and  tested .  The  samples  of  the 
flrev  preliminary  design  will  be  sent  to  Sylvenln,  loeton,  about  ii\  ,at  1. 

Whan  the  final  design  lfi  obtained,  t.  lot  of  several  hundred  tabes  wi  _i  te 
produced  and  complete  meanur omenta  will  be  made  on  all  tubes.-  These  measure¬ 
ments  will  be  a  check  on  the  design  to  make  sure  that  all  the  factor?  ara 
under  control.  Measure  snfca  will  be  wndo  bj  the  'osrasrcial  Engineering  section 

The  earl lent  date  at  which  production  lots  can  be  expected  ie 
September  or  October,  Docoraoov  Is  bolic-veu  wo  be  a  more  reasonable  date  for 
production  lots.  Three  months  will  be  required  for  permanent  toolirg, 

finperium  Is  -/liling  to  undertake  the  .Job  on  its  own  and  proferc 
to  work  without  a  contract.  The  design  will  begin  lronedi r>toly. 

Mr.  Mayberry  conducted  us  on  a  tour  of  the  pleat  which  showed 
all  stages  of  tube  production.  Later,  Mr.  Overrclor  showed  ua  the  Commercial 
Engineering  Department,  inclualng  the  tost  equipment  available  for  roasvrf- 
mant  of  tube  characteristics,  life,  etc.  In  addition  to  equipment  lor  rieesurlng 
static  characterl  3tl.ca  by  the  usual  polnt-by- point  method ,  the  department 
also  has  a  dynamic  char  ,c  tori  otic  viewer  which  3bowe  the  dosired  characteristic 
on  a  cathode-ray  tube  which  ary  oe  photographed,,  Characteristics  nay  bo 
obtained  In  rogionu  whs.o  power  dleBlp.itlon  proniblts  meBBuromant  by  the 
point- by-point  method. 

Thoue  wo  talked  with  at  Emporium  showed  a  high  degree  of  under¬ 
standing  of  the  probJeac  involved  In  pulse  operation  of  tubes  and  u 
willingness  to  lielp  v.e  wherever  possible.  bylvanla  Is  iteking  tests  to 
determine  the  effects  of  pulse  operation  on  tubo  life  and,  In  s-  me  oases.  can 
predict  tubo  life  under  pulao  conditions.  They  ballevo  that  screen  grids 
should  be  constructed  to  operate  at  the  plate-supply  voltage  one  that  ecreen 
dtssl potion  la  often  the  Limiting  frj;tor  in  pulca  operation.  M  bo,  a  higher 
screen  voltage  makes  a  larger  grid-cathode  spacing  possible.  bylvania  has 
found  that  tuben  having  high  d-c  emission  have  poor  emission- life  under  pule* 
conditions,  For  long-life  application,  they  feel  that  several  hundred  hours 
proaging  ia  desirable  and  they  are  pre aging  tubes  for  one  customer  at  the 
present  tine, 

Loctal  construction  in  believed  to  bo  superior  t''  other  types 
bocausf  *  5  reduced  interelectrode  capacitance,  lood  inductance,  .aid  production 

ooBf _ a  increased  ruggednesa  and  heat  dissipation.,  Glass  envelopes  ruo^ 

preferred  over  notal  because  they  bold  thoir  vacuum  and  dissipate  heat  better. 
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The  Sylvania  7F8  was  awgeaotoa  as  a  smbstltute  for  the  2051  and 
12AU?  for  twia-trlode  appllcationa* 


David  He  Brown. 

■  joint  e  6,  Vfiluon. 
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u  -8;;  8  volt  poultlve  pulse,  rep,  rate  1  Me;  duty  cycle  0*35 

OX. 

40  ma  posit 
X  8  ma  peak 

Qt* 

0  1.  5  watt  a  average 


CONDITION  III 


»8  8  volt  positive  pules;  rap.  rate  lMc;  duty  cycle  0.25 

<  1  ma 
48  mi  peak 
1.2  watte  average 


1,1  fewest  Conditions 


160  +  3  volte 
100  +  3  volte 


180  4  3  volts 
100  4;  2  VOltfl 


-15  v;  15  volt,  positive  pulse;  duty 

cycle  0n 35 
•45 


40  ma 


8  ma 


48  ros  peals: 


Point  **  20  ma 


Ic2  <w 33  ma  peak 
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...ervosneeh.'ni  Laboratory 
Massac huBQtt a  Institute  of  Technology 
Darobridgo,  M -manchuset t « 


•lay  W„  Forrester,  Hc  IU  Boyd,  Bo  it,  Everett, 
D„  R.  Brown,  H„  H.  Taylor,  I*.  D,  Wileon 

H,  Fahne  stock 

oylvania  Vacuum  Tube  Development 
Memorandum  M-81 
June  12,  1947 


Following  Brown*  s  and  Wilson's  trip  to  Emporium,  a  meeting  was 
held  in  Building  32  attended  by  Mooes  and  Stevens  of  Sylvanla,  Moses  eald 
that  M-81  correctly  states  Bylvfjnia3  s  position  but  in  view  of  vacation 
schedule,  the  August  1st  date  for  a  sample  tube  appear®  optimistic  by  two 
weak:®.  Sylvanla*  s  Boston  Division  is  conferring  with  Emporium  to  determine 
out  approximate  coet  of  tha  new  tube  after  development  which  they  ere  doing 
on  their  own, 

Sylvai.la  was  instructed  that  the  pro spect  of  the  new  tube  war. 
in  no  way  to  affect  the  design  end  construction  of  the  five-stage  multiplier 
now  under  development. 
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TO, 

FROM* 

SUBJECT? 

REF; 

DATE? 


Soma  slight  objection  to  the  locfc-in  base  was  raised  by  634 i* 
members  bu'-  it  was  agreed  the  lock-4 n  was  certainly  superior  to  miniature. 
Consequently,  the  base  discussion  should  not  affect  the  possible  substitution 
of  7P8  for  12AU7  and  2C51  or  the  us®  of  the  proposed  new  tube  in  place  of  the 
6AS6,  If  the  new  tube  can  bo  used  in  place  of  the  6AG7,  the  question  is 
relevant,  Sylvanla  much  prefers  the  lock-in.  They  will  make  the  sample  tubes 
with  lock>in  base.  If  we  later  demand  octal,  they  can  add  it  at  the  expense 
of  some  tooling  and  several  weeks  delay  in  production. 


lie  raised  objections  to  the  familiar  unbalance  in  the  two  halves 
of  7F8>6,  Moses  admitted  this  in  the  early  tubes  (1945)  but  said  they  are 
now  mad©  to  JAB  specifications  which  are  much  tighter.  We  will  investigate 
JAB  7F&'1  c  and  endeavor  to  establish  unbalance  tolerances  for  our  uses. 


Sylvania  Is  in  a  position  to  supply  selected  tubes  to  closer  than  JAM 
specific at lone. 
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H.  Fahnestock 


HF:  has 
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ServoraaehiBil !«rae  Laboratory 
Maeoc«oto.setts  Institute  of  Technology 
0 wnbr  i dg« ,  1  too  %  oc ha «  © t  % *> 


T(H  Jo  V,  forrecter,  H.  3oyd,  P  H,  Brown  6M 

IL  R,  grerott,  If.  11.  Taylor.  L.  D.  Wilson 

FROM*  H„  Fahnestock  IJnge  3  of  "1  P 

SUBJECTS  Gating  Problems  and  Proposed  Tube 

DATE;  June  30,  1947 


A  mooting  was  held  ou  Juno  1-6  to  acquaint  Kr ..  Bbrreatsr  with 
the  subject  matter  and  establish  a  policy  thereon.  The  subject  was  dir- 
cussed  in  the  light  of  Memorandums  H-80,  M-81,  and  M-63.  Canolualome  were 
an  follow#; 

1  In  order  to  use  the  propoeed  Sylvan  la  gate  tube 
in  WWI,  v;o  must  commit  our  solves  to  it  about  th© 
and  of  Swptember,  bo  assured  of  largo  quentlti#© 

In  March,  and  production  of  the  tube  suck  a#  to 
guarantee  availability  of  replacement#  for  ae/eral 
years  to  come. 


3  -  For  th«  present,  ell  design  will  be  on  the  basis  of 
6AS6  and  6AC?  tubes  and  active  efforts  will  bo  uad« 
to  iaproYO  circuits  for  their  use. 

3  ..  An  stated  la  K-82.  the  pro  spoof.  of  the  new  tube  1® 

not  to  affect  the  design  or  construction  of  th* 
6-dlgit  multiplier. 

4  In  futrjre  layout®  end  designs  w«..  will  bear  in  mind 
their  adaptability  to  co aversion  to  use  of  th®  pro¬ 
posed  tub®. 

5  -  Oar  attitude  toward  Sylvanla  will  be  that  we  will 

use  the  new  tuba  If  it  la  satisfactory  rad  meet  a 
the  requirements  of  (1)  above. 

Sj  i  rj-  j 

’XllJ'VWK y)i 

H.  Eahnoctook 


HE; has 


Liu  _ 


Tecli-iiciasu  (f\  ’'rl) /£  /ty 


Approvad  I),"  A  $ 

(J 


BUM  ■•  baa 


vtK  cnfB'llsWlfl 


-iHKy«d  «rt0.**,st±i 
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Of  the  :'}ix  taboo  used  i.ia  tulclag  fcblw  iiui-a,  Tuba  •’■ip  0  ;mq 


iouAd  to  ba  average  tube.,  I :o  ccatroX-(S>--ld  mrront,  van  Indicated  vh«a  '•*»* 
vartsd  Sroia  SO?  to  0  os-  when  period  from  0  to  +307  vtth  %A  sore 

lahio  3,  3,<.3<j.3  for  or.ch  tuba,  the  oor.t rod-grid  ord  aupproHSor-g.rJ.d  cutoff 
voltage  ead  -.ha  pie.  .a  currant  vi.kh  s.ero  euteff  to  It  ago  for  t>io 

a, is:  tub* n  raHar.  a»  follows*  -1th.  3^  »v  09Ni  cutoff  voltage 

wiad  turn  V  to  -X0  volt  s*  nth  7\y.  *t  «oro,  cutoff  voltofi®  varied 
area  -e  t.j  -it  voltal  nth  K,J3  ixi  +10  volts.  cutoff  voltog©  voxiad  firm 
-  8  to  -3  volt?., 
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6040  ^rgin’Scr'S 

Di-i v;\  v.  R,  Bvo'.iz  J'  ■  kI  noruan  K,  f&.yior 
6  A3  6  Op  or?-  If, .a  n 
August  0,  X9d? 


3.  o 

DX’sv.l  n.j?;g5 
(Scf;:  I  Is 


The  VI ©stern  Klee trio  oASS  pentode,  v.L though  it 
has  leas  uiUTen b -.hand!  5. ng  ability  than  Is  deslrsc,  is  tho 
Osst  gp t>©  tube  available  for  VTrfi.  at  the-  present  <*aoi© „ 
Partioulrr  care  must  he  exercised  in  designing  a  gate  cir¬ 
cuit,  When  using  0 , 05 ~ r; vi or o second  pulses,  e  load  reai&t- 
ano©  no  greater  t-h-'n  1000  china  o^n  be  employed  it  tii©_ 
shunt  csapoci bonce  is  to  be  chargso.  in  ©  tin's  cowpaiutbit 
with  the*  puls©  ’width.  Also,  because  of  the  email,  current 
available  'from  the  tube,  ©  lord  real  stance  no  lean  than 
about  1000  ohms  can  be  used  if  b  pulse  large  enough  to 
operate  the  next  tubs  io  to  be  obtained.  Advantage  must 
be  taken  ot  the  favor-phis  duty  cycle  in  order  to  get  a 
pulse  of  sufficient  (amplitude  ©crocs  the  1 000~olr»; _ r  o- 
ala tor.  In  bow a  cpscg,  the  6 ASS  control  grid  must  be 
drl von  pc  a i  ti ve . 

6 ASS  Chp. s - ,■:■  c t eri s ti cs 

The  control -grid  and  auporas eor-grld  transfer 
character! otics  for  the  5 ASS  nave  bsen  obtained  using 
pulse  teofmiaues,  All  the  curve a  ware  obtained  by  pulsing 
the  control  grid  with  ?»  one-micro  a  econt?  pulse  at  a  1000., 
cycle  p o.l a s-—r  eps  t  i ti on  frequency .  The  tr? nsi  ®.c  chorsc. 
teri otics  were  then  token  by  varying  the  control -grid 
hies  or  the  super es sor -grid  Mae.  The  plate,  current ^ was 
menaurGcl  by  the  vol  tage'  drop  serose  c  J.OOO-ohfli  .‘-cG coi 
and  the  t- or  eon-grid  current  wee  weesured  by  the  voltage 
droo  across  B  100 -ob.ru  resistor,  .brewings  A—  >c$ 5^8 -Ct  vq 
AJ 585149 .-X-  Inclusive  enow  the  oil p  r  p  c.  t or i sties  obtained. 
Plate  rad  screen-grid  current  versus  control -grid  volts  go 
arid  sivo opesssor—y ri 6.  voltage  pvg  olotteo.  i  or  screen  and 
pie  to -B  un  ply  voltage  a  of  150,,  POO ,  and  Pf>0  volts.  The 
curves  show  tne  high  and  low  of  the  six  tubes  tested. 


£.t 


6  '’4:3 

Engineering  No  to  a  Hoe  j 


On  the  basis  of  shoes  curves,  a  number  of 
specific  circuits  in  the  register  panel  and  the  mul fcipl.iar 
pans],  were  redesigned* 

Check-Register  Refld.,In  Gats 

ii  gate  tube  must  drive  the  flip-flop  trigger 
tubs*  A  minimui.il  pulse  amplitude  of  10  volts  is  reciulred, 
a  nominal  2.2  volts.  The  gate  tube  should  be  selected  to 
produce  a  minimum  pulse  amplitude  of  16  volts,  a  nominal 
22  volte .  The  recommended  gate  circuit  la  shown  in  Draw, 


ing  gA-39510.  The  control  grid  and  the  suppressor  grid 
are  to  be  drived  to  cathode  potential 

JSlMS^i>gijter_Rega>.Out  G-a_te 


A  gpte  tube,  held  open  by  a  flip-flop f  must 
di'lve  n  line  driver.  The  coupling  from  flip-flop  to 
gate  tube  shown  in  Drawing  SA-59304  may  permit  the  bias 
on  the  suppressor  grid  to  riacTto  volts  at  the  end 
of  a  restorer  period.  Then,  the  screen-grid  voltage  can 
be  made  no  higher  than  1.50  volts,,  In  order  to  get  a  sig¬ 
nal  large  enough  to  operate  the  line  driver,  the  control 
grid  of  the  6AS6  must  be  driven  to  aero  or  slightly  posi¬ 
tive  „  The  bias  on  the  line  driver  has  bo  on  reduced  from 
-SO  volts  to  -15  volts*  The  cutoff  for  the  line  dr.1  ver 
is  believed  to  be  about  -13  volts* 

jgm££gaHeglgter  Road-In  Gate 

A  gets  tube  must  set  a  flip-flop*  This  presents 
no  groat  problem,  since  only  4  volts,  minimum,,  ?>rs  .reciulred 
to  switch  the  flic-flop.  The  circuit  of  Draw?  nv  SA-39309 
io  recommended,  u 

.5tLte_.Tnb,e  to  Delay  Line;  Suppressor  at  tero 

m  the  multiplier p  gate  tube  must  food  a  nege- 
tive  pulse  to  e  flip-flop  control  grid  through  a  delay  line* 
Design  center  should  be  such  that  an  average  tube  will  give 
a  15-volt  pulse  at  the  end  of  the  delay  line*  Asauming^S^ 
attenuation  In  the  line,  the  plate  swing  of  the  QAS6  should 
be  30  volte.  As  the  super sc a or  grid  is  controlled  from  a 
Hyp-Slop,  it  is  not  possible  to  drive  the  sup  or  ess  or  pos¬ 
itive;  and,  the  control  to  obtain  20  milliaraperea  plate 
current  it  is  necessary  to  drive  the  control  grid  positive* 
The  circuit  shown  in  Drawing  No,,  SA—oS^OS  io  one  poaoibi }  j  tv 
that  shown  >.n  Drawing  No.  S/Ut»9e05  with  shunt,  feed  on  the 
BA  to  allow  the  delay  iine''f.o~5e“et  ground  potential  is 
another* 


J  *.  *  <j 

litagi  n®t:z*i  ug  K o V; o  s 


fn 

-•i'J  ; 


Igt-e (  Tub;-  P ft©di np  Del  ,  a  y  JJ.  ^.'IL. .2 iwprtvs  eor ,  2c i.si .fcl ;• ; « 

.In  several  .’applications  of  the  gat;  cure  u.1  fe  In 
the  multiplier  the  a  up- -res  a  or*  epn  bp  held  it  a  positive-, 
potential  of  5-10  volts.,  This  incre&aee  the  pvuilpbio 
plots  current  appreciably  md  docs  not  reouire  the  con¬ 
trol  grid  to  be  driven  oosltive  to  obtain  the  required 
20  volt  piste  svjing.  Drawing  S/U59311  Indie." fee's  the 
circuit  for  this  use. 

Opt©  Tube  With  Suppressor  at  fe.ro  Feeding  Daisy  Lino  and 
Also  Second 

Gate  With  Suppressor  Positive 

Gi remit  Drawing  No.  SA...39 “"OB  shows  the  read. -in 
gate  from  A-Register  to  Accumulator. 

A  20 ..volt  puD.se  la  needed  at  the  Input  to  the 
delay  line  to  insure  a  15-volt  output,  pula©  n’t  the  re¬ 
ceiving  end,,  This  20. ..volt  pulse  must  be  obtained.  with 
a.tppreosor  grid  of  Vy  at  aero  potential  end,  therefore,, 
the  control  grid  of  V;j_  imat  be  driven  positive „  Th© 
second  gate  tube,  Vs*  does  have  its  eupprocaor  grid 
held  positive,  however,  so  this  tube  gives  satisfactory 
output  with  the  control  grid  driven  to  cero„  As  shown „ 

Vp  is  biased  to  -20  volts  to  allow  for  the  20 -volt  pulse 
from  1L  ,  The  present  triangular  pulse,  ho  we  van ,  doe  a 
not;  allow  this  treatment  a  a  the  used  portion  of  the  pula© 
Is  too  narrow  to  r llow  plate  current  to  build  up,,  It 
will  be  .necessary  to  attenuate  this  signal  or*  allow  the 
control  grid  of  Vg  to  draw  current  end  aelf-biae  itself. 
This  application  is  pending  final  design,, 

Gate  Tube  to  Clive  Both  Positive  and  Negative  .Pulses  Into 
Daisy  Lines 

•rntwine-jv  |(n««i«niiBi6M,«t“r^* 

One  circuit  in  the  multiplier  call a  for  a  neg¬ 
ative  pulse  at  the  end  of  one  delay  line*  end  a  positive 
pulse  at  the  end  of  a  second  delay  line. 

The  proposed  circuit  shown  on  Drawing  SA— 39**0? 
allows  both  control  grid  and  suppressor  grid  to  go  posi¬ 
tive  and  thus  develops  20  volts  ’-cross  a  500  ohm  lord. 

The  transformer  Inverts  the  signal  thus  providing  both 
polarities  simultaneously , 
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FROM s  Eugeno  W?  Sard  Page  1  of  4 

SUBJjCSs  Output  itaiplitude  of  6  at  a  Tuba  a  Versus 
Input.  Pulse  Width 

DJU3S.*.  Sept  ember  11  #  194? 


IICTItODUOTIOHs  It  ia  to  be  expected  that  as  input  pulse 
widths  nro  made  narrower,  the  output'  amplitude  of  gate  tubes  will  de¬ 
crease  when  Mhe  time  constant  of  the  plate  circuit  is  no  longer  very 
small  compared  with  the  input  pulse  width-.  if  or  a  gate  tube  with 
resistance  plate  load,  the  plate  circuit  time  constant  for  the  leading 
edge  of  the  output  pulse  is  the  product  cf  the  parallel  combination  of 
the  plate  load  resistor  end  the  r  of  the  tube,  and  tho  capacitance  from 
plate  to  ground?  This  cepacitanoB  is  composed  of  the  output  capacitance 
of  the  gate  bubo,  the  stray  cud  wiring  capacitance,  and  the  input 
capacitance  of  the  following  stage*  She  input  capacitance  of  appx’osi** 
mat ely  ?  MM3P3  of  the  Model  5  Synchroscope  is  also  added  to  tho  capacitance 
from  plat©  to  ground  when  the  plate  waveform  is  being  observed? 

jKPaRIMjgTOAL  WORK;.  Tho  circuit  shown  bolow  was  more  or  lean 
arbitrarily  selected  to  -show  tho  desired  behavior:. 
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Tiv)  oryetal  claranins  circuit  is  to  injure  that  the  base¬ 
line  of  the  input  pul  an  $  ie  cler.ped  bo  the  tap  or.  the  bins  voltage 
divider  for  all  repetition  rates  (See  3-59) >  The.  lou  resistance  blnu 
voltage  divider  1g  So  minimi zo  tho  building  up  cl’  grid  loek  bias  vlinn 
tho  control  grid  is  driven  positive.  The  gafco  tube  suppressor  in  tied 
to  the  cathode.  She  15  MET)  across  the  plate  resistor  represent  a  the 
input  capacitance  of  a  following  stage  plus  additions],  stray  and  wiring 
capacitance,, 

Three  inputs  were  used  in  the  course  of  the  work.  The  first 
was  a  gas™ tube  pulse  generator  putting  out  rectangular  pulses  at 
3000  ops*  (Dwg.  0*30367*1 )«  The  second  was  a  crystal-controlled  clock 
putting  out  trapezoidal  pulses  at  1  MO  (See  11-18) „  The  third  was  a 
variable* frequency  clock  putting  out  rounded  half-alnuBOldx  at  about, 
lol  MO  (S©e  3-48).  Both  the  gas* tube  pulse  generator  and  tho  crystal* 
controlled  clock  ware  putting  out  puioea  of  sufficient  duration  to 
fully  charge  the  plate  circuit  capacitance  as  could  bo  seen  by  the 
shape  of  the  gate™  tub  a  output  pulse*.  Tire  width  of  tho  rounded  pulse 
from  the  other  clock  was  leapt  constant  at  different  amplitudes  by 
sijnu.lt aneouisly  varying  the  clock  amplitude  control  and  tho  sotting  of 
an  external  attenuator  box.  Pulse  width  of  this  clock  was  varied  by 
changing  tho  L  and  0  of  an  ELG  peaker  in  the  clock. 


rp 


ho  following  data  were  taken  using  the  Model  5  Synchro ocopo: 


(Measured 


INPUT 

AMPLITUDE 

(Volts) 

TYPE 

INPUT 

INPUT 

WIDTH 

y*o) 

OUTPUT 

AMPUTUDB 

(Volts) 

^  OF  FULL  OUTPUT  j 
(Based  on  Craa-Tu.be' 
Pul no  Generator)  1 

* 

9 

Gae  Tube  Pulse  Gon, 
Hoot.  Pulse,  HC00  epa 

Sufficient 

19 

i 

100 

X'ial-Gontrollod  Clock, 
1  MG 

Trapezoidal  Pulse 

Sufficient 

19 

i 

100 

Vari  abl  e* Frequency 
Clock 

Hound  Pul  so  1.1  HC 

0  ,046 

7 

37  i 

0,069 

10 

. .  53  .  ... 

0,092 

14 

74 

G.11S 

13 

0.-17  1  14 

t . . . 74 

_-_0J2  L  1? 

89 

|  _  _ _ _ _ 
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INPUT 

AMPLITUPR 

(Volts.) 
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(UaaB'.vrad 
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!  imniU!  I  OUTPUT 

i  ,'J  DTK  I  Af-n?I.I'M>33 


V  gyi  s-bX©"'I?TQ  queue/ 
Clock 
1.1  MG 
Round  PuIro 


G  a©**  Tube  False  Can,. 
Root ->  Pulse,,  3000  Cj 
XTel«-0ont rolled  Clo 
1  MO 

Trans soidaX  Pul  no 


Yarlnbla^Xreouoncy 
Gloclc 
1.1  MO 
I  Round  Pulse 


|  Sufficient  1 

30 

V” '  ■' 
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Since  theporcontsgeaof  full  output  for  different  input  amplitude a 
were  grouped  fairly  close  together  for  a  given  input  pul b o  wS, dtht  It  was 
thought  justifiable  to  average  the  percentages  for  a  given  pul  bo  width,, 

These  averages  ore  tabulated  below. 


INPUT  PULSE 
WIDTH 

...Jjld)., . . 

0.046 
0,069 
0  o  03* 
Onll.5 
0.1? 

0.23 


>0  OP  'FULL 
OUTPUT 


'ir  ui 


i'hji'  0 

'  Note  i  !■  p. 


I'olifto  Iron  thin  t-/  <)?-<•  ;xtt  plotted  tei  i 
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'fi  0;* 

Full 

Output 


SO 
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.10 


did 


r  oh 


Input  lutes  a  width  in  jj-h 


It  Is  thought  that  the  clamping  scheme  and  the  low  resistance 
bias  voltage  divider  were  fairly  successful  til  no  si  the  gate  tube  output 
amplitude  wsa  nearly  the  sane  for  the  1  MU  crystal-controlled  clock  ae 
was  for  the  3C00  epa  gao-tuho  pulse  gonorntor. 
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Drevl  nge. 

(  See  Li  « t) 


B. 


Frcject  Whirl*  nd  Ungiivecvlng  Hote  2-60,  GA.C6 
Operai. Ion .  D  R.  llrowx  and  Tf,  H  Tayior, 


C.  Memon  nrtur.1  #80  L  U.  V53fon,  "Cute  Tube#  in  WVln| 


Introduc  t.i on 


This  memcrsncuir  nveaente  the  'osulla  of  teato  on  the  Sylmnif.  SB  1030 
gate  tuba  end  iodlcatei  the  number  of  tube*  which  may  be  used  In  the  Whirl 
wind  I  d«elgn»  The  de-. elopjioQt  program  was  Initiated  with  the  ?oal  of  re¬ 
placing  the  exlatlng  6AS6  gate  tube  and  U.o  6AG7  pentode  used.  ee  iv  flip- 
flop  buffer  and  at.  a  trigger  tube. 


The  6AS6  t«  a  Western  Electric  mine  turn;  It  is  entire!;  inadequate 
hp  pointed  out  in  Maiaorandua  No  90  by  1  P.  Wllocn, 


Th*  dA(J7  pirtiB  advquatis  ne  fo  -nnnee  In  nil  applicatlonti  but  haa  a 
questionable  hittcry  as  to  reliability  f.n<  loaf;  life. 


Rerujjh 


Th%re  ore  3  tjrrea  of  circuit*  in  tie  J  Wi  c-eaign  where  tba  nropoaed 
gpt*  tube  night  be  uoec  ,  They  c.re 


]  „  Onte  hjibof 
I-  Buffer  Amnllfiera 
C  Flip-ilo->  and  Trl  5g>»i  Tubee 


At  che  presort  atrge  of  devel 'pnect  the  SF-1030  will  ropiacn  the 
tiA56  gr.to  tube  anc  girt  a  mnrglit  of.  2  ct  1  In  cutout.  This  performance 
it  reall  od  without  OTrrdrlrr  to  t  e  ootitiY©  region  on  the  # l  »r  #3 
grid*  ">.«  tuber  vhioh  give  tr.i  •  Performance  are  thoae  in  Sylranla 


0 


Memorandum  '  '  13 


> 


rt-i-  ’ 194' 


Group  iriSISJ  If  it  1*  positlb’i,  i  tl  *  i  '  it  ted  ti'ie  avo  '  n  to  in 
crease  the  aval la bla  output  c‘u  r^>t  uy  50','  without  aacr  clng  cutoff 
\olt»g<*,  ihi?  tubs  ^ov^d  be  p.\tia/*ctory  i  »r  all  gute  fcu'lv  use .a  which 
we  now  have  In  Ml  lhe  quail  Uty  of  tio-s  ured  In  t.ho  r-ystem  a®  gates 
v)  II  be  about  IDO; 

When  used  In  circuit*  at  r  Bniaer  Amo  Ifler,  flip-flop  or  trigger 

tub®,  the  present  development  tamales  of  the  SR«--1030  will  not  replace 
the  SMJ7,  nines  the  current,  available  and  the  cutoff  voltage  required 
are  not  comparable  with  6107  performance  A a  the  require  Kent#  in  the 
above  circuits  are  for  high-current,  sharp -cutoff  oentod®®,  it  now 
fcoome  undesirable  to  attempt  to  use  a  gate  tube  in  these  applications 
It  would  be  better  to  Initiate  a  program  of  a  "ruggodlzoA"  6AG?  with, 
long-life  filaments  and  more  ac equate  dies  .nation  rating® .  Such  a 
tube  would  need  no  #3  grid  control  nor  vou„.d  It  be  limited  in  uize. 

It  Is  oroooaad  therefore  to  limit  the  use  of  the  SR-IQ30  gate 
tube  to  gate  aoplicatlonw  only,  and  to  start  work  on  another  tube  to 
replace  the  6A>7<.  The  quantity  of  6AG7's  used  at  present  la  approx¬ 
imately  1100. 

Application  of  a  lew  Tube 

The  application  of  new  tubes  can  best  bo  dl ecuaead  in  terms  of 
the  circuits  for  Whirlwind  I  which  have  been  designed.  These  are  the 
circuits  for  the  multiplier  panel t  register  panel,  and  flip-flop  pan®].,, 
The  number  of  tabes  involved  for  16  digit®  is  *.e  follower 


mul tipi lor  panel 

896 

register  canal 

4C)C 

flip-flop  panel 

s?r. 

Total 

1888 

The*  total  numbers  of  tubes  estimated  !“or  Whirlwind  I  is  2300 o  For 
one  digit  the  quantity  is  l/l6th  of  the  nu.iber  listed  above .  Considering 
just  a  single  iiglt,  the  tubes  In  each  pan >»1  may  bo  claewified  as  follows 

Mul  t  ip.',  i  b x  Ran  si ; 


buffer  amplifier!  IS 
buffer  amolif lore  (remote  cutoff)  4 
flip-flop  tub®*  9 
gat, a  tube®  21 
Indicator  tubes  4 
trigger  tabes  _4_ 

Total  Be 

Register  Panel-' 

buffer  amplifiers  6 
flip-flop  tube c  6 
gate  tube*  7 


in  f  i  mi  wm  . unepm  "'ffMpiPnP1 

l 


tl's.'.p 

*'l«,tior«,RC'J  n  M  »1C? 


Sont 


lV,  19*i 


IndlcAtor  tub*  i 
trigger  tv  be  is 


Trial 


25 


Flip-Flop  Panel  i 

buffe?  amp!  ll'lera 
flip  -flop  tube* 
«ate  tube* 
Indicator  tube® 
trigger  tubee 


Total 


4 

10 

13 

fj 

JTi 

3? 


The  total  tube*  required  for  those  three  parte  of  the  comouter  may  also 
bo  tabulated  as  follow**; 


buffer  amplifier  si 

400 

buffer  amplifiers  (remote  cutoff) 

64 

fllo-flop  tubes 

384 

gate  tubes 

656 

indicator  tubes 

192 

trigger  tube* 

mi 

Total 

1/J80 

For  the  whole  conouter  the  following  estimates  apply* 


buffer  amplifiers 

600 

buffer  amplifiers  (remote 

cutoff) 

TO 

flip-flop  tubes 

400 

gate  tubes 

800 

indicator  tubes 

200 

trigger  tubes 

300 
si  70 

power  tubes* 

13Q, 

Total 

2300 

The  first  and  moat  important,  application  of  a  new  tube  would  bo  to 
replace  all  of flu  present  6A36  gate  tubes  Thu  total  number  of  gate 
tubes  In  the  multiplier  panel® ,  the  register  panels,  and  the  flip-flop 
panel*  1*  656.  Preliminary  quantitative  measurement*  (see  .Reference  A) 
Indicate  that  for  a  0.1  microsecond  balf-sine-wave  pulse,  the  output 
is  about,  6?  per  cent  of  what  would  be  calculated  from  the  transfer 
characteristic  for  a  1000— ohm  resistive  load.  This  insane  then  that  for 
a  gate  circuitfwith  aiOCO-oha  plats  load,  30  niilianneres  of  „iate  cm 
rant  are  recuired  to  produce  a  20-volt  outuut  pulse  ii  C - 1. —microsecond 
half-sine-wave  pulse*  are  need,  A  plate-load  circuit  using  inductive 
and  non-linear  elements  stay  be  able  to  improve  the  innut-output  char¬ 
acteristic. 
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Tbui  discussion  oi  the  gate-tubo  requirements  Sn  R©J>}.’soc8  >;  do;;g 
ji.o  b  ta  ti>  in  bo  account  ‘Mas  effect  noted  above.  Henco  tho  Mrcu--.  ttS 
suggests!  5.1)  fcrnt  roferoaco  do  not  produce  the  output  acq-Iitttdtf  re¬ 
quired-..  RovsTO’Cr,  sines  that  vcfoveuGo  was  written,  the  possib  .Aity 
o£  removing  the  delay  liaae*  .frees  the  plat©  ’load  oii-eul  to  of  oho  gate 
tubes  laaa  'boon  suggested,  If  this  etui  be  •  -no,  It  is  posoibi®  that 
a  gats  tube  that  produce®  a  20- volt  pul c©  across  a  lOOD-oh®  plate 
load  will  moot  all  of  the  gate-circuit  requireaentc.  Them  the  aero— 
grid  plat©  current  required,  would  bo  30  miilianjporeeo  An  eoown  in. 
Reference  B,  a  control  grid  cutoff  voltage  of  -8  volt©  is  required 
bo  that  -16  volts  of  fixed  Mae  can  he  used,  requiring,  then, 
l&»volt  pul  no  bo  operate  the  circuit,  Also,,  tho  oupprsooor^grid 
cutoff  voltage  must  he  about  '-8  veil;®,  sin::®  the  11  ip--’ flop  may  per--" 
salt  tho  suppressor-grid  voltage  to  rises  to  about  -15  volte «  . 

The  next  important  application  for  a,  now  tub®  would  b®  a©  a 
buffer  amplifier ,  to  replace  tho  6(16?  pentode,  A  large  percentage 
of  the  buffer  amplifiers  Brant  function  as  lino  drivers ,  Tor  the 
lino  driver  cutoff  voltage  nc  loss  than  -13  volte  and  ft  zero-  grid 
plate  current  of  about  130  aillituaperaa  are  required.  For  uomo  of 
tii®  buffer  amplifiers  only  80-Kill  iaaipo  res  zero-grid  plato  current 
is  required o  The  most  unfavorable  duty  factor,  if  Ool  microsecond 
pul o«3  are  used,  is  one-twentieth 

In  tho  third  group  the  duty  factor  for  a  flip-flop  tub©  may  bo 
ono  c  The  present  circuit  usee  68.07  pentodes  and  a  r©ulG>csm©nt  should 
equal  their  performance,  The  precoct  flip-flop  has  a  plate-supply  and 
screen  -supply  voltage  of  150  volts ,  Tha  screen  voltage  i.n  90  volts  , 
Tho  plate  current  at  aero  control-grid  voltage  its  30  tailllampereB, 

The  control -grid  cutoff  voltage  is  -4 ,5  volte®  The  plate  dissipation 
la  1,6  watta,  whereas  the  rated  plate  dissipation  iv.  9,0  watts®  Tho 
screen  grid  dissipation  ia  0,9  watta,  whereas  tho  rated  ucraen-grid 
dissipation  is  1,5  watte.  About  50  per  cent  more  pinto  current  and 
no  change  in  the  control-grid  cutoff  voltage  would  be  deoirabin.  Of 
course ,  no  increase  in  th©  nlata  current  but  tho  achievement  oi  a 
more  reliable  tube  to  give  the  same  performance*  as  tho  6/.G-?  would  bo 
a  stop  in  tho  right  direction. 

Tine  trigger  tub©  i©  no  problem,  Whatever  i s  ueod  lor  wh®  flip- 
flop  can  certainly  be  Med  as  a  trigger  tub®. 

Almost  any  twin  triad©  will  mset  the  requirements  fox*  the  in¬ 
dicator  tuba?  Oogc,  SCSI,  12ATJ7,  ?f8,  6S®?0 


Taatajni  Samoloa  of,  SR  4.030 

Fiva  tyoe  SH-1030  (beet  0-4523)  ware  received  August  19  with 
number n  5,  8,,  11,  13,  ‘and  15, 

First,  the  plate  ana  screen-grid  currents  as  a  function  of 
control-grid  voltage  and  euporessor-grid  voltage  were  sneaaured. 
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In.  erdor  to  avoid  <»xen«»iv.  -itf  of  the  tubo  elactrcie*  the 
meaeurenentB  were  rep.tle  o«1j.^  pt  lee  twc.miquee.  The  '.lock  schematic 
of  -he  arrangesuen t  for  the  pu  m*  teat*,  la  shown  la  d/vving  !!..<* 30904. 
The  trigger  geiww.tor  trigger;:  the  pul  .jo  generator  and  the  TS*'239/ 10? 
oecllloecope'at  ICO-cpa  repetition  fr*  iu«ncy.  The  pulse  generator 
ift  adjusted  to  prrduce  a  !•  mleroflecoiw  flat- ton  pul  no,  By  naans  of 
an  nttenun tor  the  pula©  amplitudo  ic  a 1 Jut ted  to  some  convenient 
amplitude,  esy  10  volte-  Thi-i  10- volt  positive  pulse  la  applied 
to  the  control  grid  of  the  tube  under  test™  The  bin  a  voltage  Is 
tuf  ficlent  to  keer  the  tu.b»  cutoff  except  during  the  pulse,  and 
the  peak  grid  voltage  obtained  during  the  nulso  ia  varied  by 
adjusting  the  Mar.  voltage  The  circuit  schematic  used  for  the 
pul  a o  teats  la  ahtwn  In  drawing  30903-  The  plate,  suppressor  - 
grid,  or  acraen-grld  current  laity  be  obtained  by  measuring  the 
peak  amplitude  of  the  vo3.tr-.ge  tmloe  serose  the  rnalator  connected 
to  that  electrode.  The  TS  239 /U  oscilloscope  la  usod  to  measure 
the  amplitude  of  the  pulse  By  varying  3SCg  and  keeping  both  the 
input-pulse  amplitude  and  the  control-  grid  bias  constant*  the 
electrode  currents  may  be  nenaurefl  as  a  function  of  the  suppressor- 
grid  voltage.; 

Plate  current  for  the  five  tubes  as  a  function  of  control* 
grid  voltage  for  i  ocreen-/jrid  voltage  of  100  volts,,  zero  sup* 
pressor  voltage,,  and  a  plate  of  lf50  volts  is  shown  in  drawing  S 
38257-»G.  Plata  current  as  a  function  of  suppressor-grid  voltage 
for  zero  control*grid  voltage  ia  ahovn  in  drawing  SA  *38259 -0,. 

The  aero  an -grid  current  as  a  function  of  eupore  a  so  r-  grid  voltage 
1b  not  shawi,  but  It  increases  from  an  average  of  38  mill  1  snipe  re  a 
at  aero  tc  an  average  of  53.  milllamuorea  at  value*  of  nupprensor- 
grid  voltage  below  cutoff-  The  cutoff  voltage  my  be  defined  as 
the  grid  voltage  necessary  to  reduce  toe  Plate  current  to  5  per 
cent  of  the  value n  measured  at  zero  grid  voltage-  The  control- 
grid  cutoff  Is  between  -0  and  -9  volte  and  the  suppressor  grid 
cutoff  is  between  -8  and  -10  volts.  Tube  number  8,  which 
evidently  lias  a  "hole"  in  its  mappretjfor,  does  not  cut  off  at 
all,  however?.  The  zero-grid  pinto  current  for  these  tubes  io 
between  22:  and  25  milliamperes , 

Drawing  SA-30263-&  chows  nlate  current  for  tube  number  11 
as  a  function  of  positive  as  wall  no  negative  suppressor  voltages. 
The  curve  shows  that  the  plate  current  increases  from  23  milll- 
amperes  at  zero  to  43  mllliamperes  at  a  positive  suppressor 
voltage  oi  15  volts-  In  t.iis  case  the  screen  current  decreases 
fix ta  38  mllliamoores  to  17  mllllamneres.  The  control-grid-to- 
plate  trarefer  ch:  mctorlslic  fnr  tubr  number  11  for  a  positive 
suppressor  voltage  of  15  volts  is  shown  in  drawing  SA*38261-'re 

Browing  SA  -39262-G  shows  Mate  current  of  tube  number  11 
ht  a  function  of  control  grid  voltage  for  screen  and  ninth 
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voltag  v  o:  261  vol  '-e  and  i\  eur  nrtstnox  ▼«»!  bage  of  35  to!. ta.,  The  zero’ 

,  :U  plsie  iurr*nt  H  about,  iJLt  -.nil )  lair.nox  \%  Mote,,  however,  -tu?. t,  thu 
c.  toff  ••oHrfta  t«  about  - 20  volte  At  sunoreesor  voltage  thin  high, 
n  vintlrti  *uopr  -s*or  -grid  currents  v.  r  tf  observed,,  ir»d!o»t,vig  thn  occur 

j-once  31  eocon  iiry  tinlisaion. 

Ii <•'*  s «_ ii? 1  T *; t_1p,  C4527 

41  i.o  on  August  19,  five  tyue  SR -1030  tubes,  tout  no.  C-4627,  were 
receiver  kith  the  following  nijjrbort  L,  7,  9,  10  and  12  The  chnr- 
ecterlatic*  of  the*  a  tubes  were  inne.snirpd  a  j  described  orovlouely . 

PLate  currant  for  the  five  tubes  **  a  function  of  control-grid 
vel  tagi  .‘or  a  screen-grid  volte  go  100  volts,  zero  auporeasor 
voltagj,  and  a  elite  voltage  of  15C  voltn  ie  nhown  in  drawing  SA- 
38260-3,.  Plats  current  as  a  function  of  s  more esor- -grid  voltage 
for  zero  coutrJl -grid  voltage  in  shown  in  brewing  SA-3825J1~0„  The 
screen  current  it  a  function  of  jurvreisor  grid  voltage  la  not  shown, 
but  It  Increaase  from  an  average  value  of  -30  mllllaoneren  at  zorc  to 
an  avec.ge  of  49  aUliatanerea  at  value*  of  nuepretaor-grid  voltage 
below  Jutoff-  Tube  rairabf-r  7  at  not,  re  to  have  had  an  Internal  short, 
and  me  inurements  on  this  tube  ray  fee  disregarded,  The  control-  grid 
cutoff  voltage  te  between  *8  and  -  9  volte  anti  the  auporeanor  grid 
cutoff  voltugo  is  between  -10  and  -12  volts.  Hole  that  the  suppreeaoi 
grid  cutoff  voltage  lr,  several  volte  more  negative  than  for  test 
number  4525  Evidently  this  allow*  more  sntro-grid  plate  current p 
•  lnce  the  zero-*  rrtd  plate  current  ie  27  to  30  allllmnuareu  as  compared 
with  2i  to  25  sill lamn ore 8  for  toot  number  4f>230 

Tie  contr>l-grld«to*»plate  and  eurroro*tior-grld -to-plnte  transfer 
characteristic*  of  tuba  number  9  for  ecreen  and  plate  voltage*  of 
150  Tjii*  are  mown  In  drawing*  SA-38266--G  and  SA»382S7-dr,  The  con 
trol-grid  cutoff  volt, ego  la  -12  veils  and  the  oupureeHOi** -grid  rmteff 
veil  tag  i  le  •  13  volt*,  Tha  zero-grid  plate  current  in  about  SO  mllli- 
oiroarei-* 

Tie  Hvora *s  control- grid  cutoff  voltage  a*  a  function  of  screen 
to i  tag  ■  i*  *hovn  In  drawing  SA-38264-G,  The  curve  shows  that  the 
contro '  grid  cutoff  voltage  la  about  one- twelve th  of  the  screen 
voltage.  The  i .morcaaor-grid  cutoff  voltage,  however,  in  a  func¬ 
tion  o'  both  t  is  screen  and  plate  voltages  Super*  Mor-  grid  cutoff 
voltage  as  n  1'nctlon  of  plato  voltage  for  a  screen  voltage  of  100 
volt*  «  »howr  in  drawing  SA~3828S-G„  Thl.i  curve  la  for  tube  number 
9  or.ly 

A  uf ate  c  laracteristic  for  tube  numbs'  10  ts  rhovm  in  drawing 
S'.  -382 if-  9  The  character! aide  wee  obtained  with  zero  control  grid 
and  lu  r  rec  or-,;rld  voltages  and  t.  ecreen  voltage  of  100  volt*  "Jotet 

that  the  plate  real  stance  la  quite  low,  about  12,500  ohiM 

Tvup  31-  i 0304,  Teat  So,  0*4643 

Oi  September  4.  eight  tyoe  SR-10301,  ‘.set  number  C-4543,  tubes  were 
received  with  the  following  numbers  2,4,11 ,12,13,16,18  and  21, 


tamiteiaaijk,, 


& 


u 
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‘Che  etat.ic  transfer  character t otic*  -.f  tube  number  2  were  measured 
using  a  point --by  point  method.  Drawing  Si*  38  J9X  -w  chows.  the  control 
grid*- to -pi  at  a  transfer  charact  eristic  for  a  s  :reen  voitep  a  of  100  voitB, 
zero  ijupproesoo  voltage,  and  a  plate  voltage  of  150  volts, 

Drawing  SA-38292-G  shows  the  suppressor-grid-  to-pl.ate  transfer 
oharact eristic  for*  zero  control-grid  voltage.  The  control-grid  cutoff 
voltage  i®  -5  0  volts  and  the  suppressor  grid  cutoff  voltage  to  -7,8 
volte  The  zero  grid  plate  current  is  11  2  milllampereo.  Table  I 
lists  the  Individual  and  average  zero-grid  plate  current,  Ifc,  the  con¬ 
trol-grid  cutoff  voltage,  ECoj  and  the  suppressor-grid  cutoff  voltage . 

E*  f 

<*03’ 

TABLE  1 

Characteristics  of  Tube  Type  SR-1030A, 

Teat  Ho „  0*4543 


h 

..  an  _ 

Kc 

s:r 

03 

V 

■  JiW'-inmfinKWiiiiii 

*5 

c 

11.2 

-5,8 

-7,8 

4 

10.8 

-6,0 

-8,0 

11 

10,2 

•  5,  4 

-7,9 

13 

10,8 

«6C  1 

-7,1 

13 

10,8 

-5,6 

-7,2 

16 

11,-5 

3 

-8.3 

18 

11,8 

®Sr,  0 

-7,5 

21 

11  4 

5 , 5 

-8,0 

n„i 

-5,9 

*7,7 

Also  on  September  4,  eight  type  SR-1030,  test  number  C-4573*  tubes 


were  received  with  the  following  numbers*  1 (  2,  8, 


10,  19  and  22, 


The  static  transfer  characteristics  of  tube  number  1  are  shown  in 
drawing  SA-38289-&  and  SA-38 290-0,  Tables  II  lists  the  characteristics  of 

the  tubes  of  test  number  0-4673, 

These  data  show  no  appreciable  difference  between  the  tubes  of 
test  cumber  C-4673  and  tho  tul.ee  of  test  amber  C-4543, 


The  transfer  character! etice  of  the  tube  of  test  number  0  4673  and 
the  tubes  of  test  number  C-4543  are  riot  as  good  as  the  transfer  charac¬ 
teristic  of  the  6AS6,  With  150  volts  applied  to  the  screen  and  plate 


of  the  CAS 6 ,  the  coat.  rol-  grid  cutoff  ie 


vo  1. 1. 8 1  th  e  supp  r  e  e  bo  r-gri  d 


cutoff  is  -8  volts,  end  tne  zero-grid  plate  current  ie  14  to  20 
mill tamper eo. 


6345 

Memo  r  &nAm  >1-103 


September  17,  1947 


TAELK  11 

Characteristics  of  Tube  Type  SH-- 1030 , 
'feet  No,,  0 -  4673 


*b 

-B 

C«1 

*v 

c03 

be  No, 

tea 

V 

T 

— 

1 

1 2,1 

-5.3 

-8,7 

2 

n07 

-6,8 

-8,5 

7 

ii.  i 

-5.7 

<-8.3 

8 

'0,6 

-’5,4 

-7.7 

9 

.2,6 

-6,1 

-8.0 

10 

11.3 

0 

-*•8,0 

19 

11. 9 

— 6„  6 

-0o9 

22 

1.1  7 

-5. 6 

~8„7 

.1,7 

-5,9 

~8„1 
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Block  Bohemstlc  of  XrTH^mnt  A-.M901 

l‘or  Idils-s  TeatE,- 

Circuit  Schematic  Used  A- 30903 

f\  r  Puis®  'PeatE 


SA  -382S7-G 
3A.-382159-G 
SA-38263-G 
SA  *38263.-0 
3A  -3S262-G 
aU3B260-G 
SA-382fi8*G 
SA-383B6-0 
3A-38267--G 

SA-38264-0 

3A.-3S268-G 
SA.-38266-G 
SA* ’38291-0 
SA-30292-0 
SA-38289-G 
SA-38290-0 
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Project  Ifoirlwiad 
Servomechanl sine  Laboratory 
Maaeachuestte.  Institute  of  Technology 
Gambrldga.  KassachuGOtts 


SUBJECT  ?  OATE-TUBS  RESEARCH 

To?  J,  \L  Forrester ,  H.  Fahnestock,  K.  H„  Taylor,  &„  0.  Hober^, 

H.  KenoGian.j  Bo  Wo  Sard. 

Proms  David  Ho  Brown 
Dates  October  2U  19*+? 

Tube  Program 

I,  Obtain  static  transfer  characteristics  for  the  four 
C-4523  tubes o  5t,  11  o  12„  and  15.  Bf-6.3Vt  gC2«100V ,  Bcy;0„ 

2„  Design  gate  circuit  to  produce  a  positive  output 
pu3.ee.  With  suppressor  grounded „  test  this  circuit  with 
0  1-pe  half- sine-wave  pulses ,  Make  sure  that  no  signal  bias 
1b' present  or  at  least  know  just  how  far  the  control  grid  is^ 
being  driven.  If  time  permits .  try  also  0.05’jP-s »  lc5'^®f  &dd 
g.O'-jia  pulses..  Repeat  with  pulses  which  are  as  nearly  reetan* 
ga,lar  as  obtainable,  Get  input-output  curves  for  the  four  tubes 
available. 

3,  Place  four  gate  circuits  in  series  and  investigate 
the  wave  shape  in  the  chain.,  This  will  yield,  data  on  the 
relative  merits  of  a  nail ’■Bin.©- wave  or  a  rectangular  pul 0 0 . 

Do  this  for  only  one  pulse  length,  probably  0. 

4„  Using  the  optimum  pulse  shape,  as  determined  from  the 
previous  measurements,,  design  and  test  a  gats  circuit  to  uiq*- 
duco  a  negative  output  pulse  and  a  gats  cireo.lt  to  woik  into 
a  step-down  transformer,  cable D  and  step-up  transformer,.  Obtain 
input -output  curves  for  these  gate  circuits. 

5.,  Design  a  gate  generator,  probably  a  flip-flop,  and 
observe  output  wavofonuB  of  the  gats  circuits  when  gate  is 
present  or  absent... 

b„  Measure  the  input  capacitances  of  the  gate  circuits 
and  investigate  the  problem  of  reading  into  or  out  of  a  vegV3tes 


David  R„  Bio vo 


TIRS/.n 
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Pregect  Whirlwind 
Servcmochaaioicr,  L^bovalo  ry 
S<fa&se.chn.eetta  Institute  of  Technology 
C  cv it-  r lag  o  t  M a >i c  nclvr inti:  s 


SUBJECT 8  saSLXtfVA&m  5PSCIFICATMBI  FCF  ■FJJ3E  /VYPB  SB-1030 

To:  J  b',  Forrester,  II,  Fahnestock,  E,  R  Boyd,,  W,  H..  Taylor,  B,  Rocheefcor 

(Sylvan Is,  Boston) „  If,  L.  Kiser,  (bylvania,  jknporluu) 

From;  David.  &.  Brawn 

Date:-  October  IV,  19>Vf 


£rj»  1  iroinary  Spaclflcfttlona  for  Tab eJ£yjog_S S.“ 1 Q3& . 

Tent  Condition  f.; 

%  *  5.3* 

EOj  =  0 
Eog  *=  30v 
Ec<i  0 
E-b  l~  150  v 

The  pi. ».t a  current.  .Ty,j  shall  buvo  a  nominal.  value  o'  kO  ml 11 lamp ore a 
ar.d  shall  not  be  leas  than  35  railliamperea. 

Teat  Cc judltlon  II; 

Ef  =  b.3v 
Beg  =  SOr 
Be,  =  0 

Kb  c  150* 

1  b  **  2fll» 

The  control-grid  voltage,  BCj  ,  nacercary  to  reduce  the  plate  current, 

1^,  to  2  mllllnmpereB  shall  not  on  wove  negative  than  -11  volte. 

Tent  Condition  III; 

Ef  -  5,3* 

Ec1  *  0 
JiJcp  -  SOv 
%  -v  150v 

h  ~ 

The  suppressor-grid  voltage,  3c^„  no  cose  ery  to  re-luce  tho  plate  current, 
1^,  to  2  mtlllamporefl  shall  not  be  more  negative  than  -9  voite. 

Power  Ratings; 

Tho  tube  shall  safely  dissipate  the  heat  generated  --'hen  the  control 
grid  is  pulsed  from  -15  volts  to  zero  volts  with  a  duty  cycle  of  l/l2.  The 
suppressor  gird  may  either  be  at  -15  volta  or  zero  volte. 


Memorandum  M-llo 


Oapacft-tiaacae 


and  capn.citav.ee  tr< 
-1030 ,  beet  utuiner 


She  nominal  input  capacitance,,  output  capacitance 
suppr e  a  a  o  r  -grid  to  pinto  shall  he  no  greater  than  In  the 
c-^999. 


J&UUfl V 


David  R„  Brown 


no; 


!  -i  (] 


i. 


WU.'Ai/W  li'l  ■■■'■' 

‘IcrioAA^- 


ry  j  f 

•V:,  ■’ : l.c  : .. r*-t- 0  J.  U  c  i ■',[ 

s;» ' 'V v.  '  ‘  <>  [;’  ;X  c r.\:] * 
tfe-ewokuFutt;;) 


juju..1..  st-(/OSK>  ga>p  i!o  iggoairai 

"p.*  Jar/  J,.  .l?Cl,'i,0C’.tQZ* 

FJi’oa,  ;.b.vrid  H,  Emu 
Slate,  lotolor  £0,  1947 

0:3aG  morning  van  spani;  with  Mr#  1;1  L„  Eisor  and  Mr*.  Reger  S3.ini  3,?2j. 
la  Sinoa'J'j  office.  Also  present  v:sr<j-  31.  Rochester  of  gylvenia,  Boston, 

F„  S„  ifeylor  and  H.  E»  Srown  of  SI*  I,  •?-. 

Uylvonia  has  saads  a  now  gate  tuba  baued  on  ilio  .5  construction, 

HUis  :La  the  6a-1030t  test  aasfaor  C-4S99<.  Ulto  tube  hae  tiio  caws  grid  spacing 
r,n  all  thron  grids,  ®io  spacing  and  wire  tansotor  la  ao  ttcell  as  thsy  afeoX 
they  or.w  go  .-sad  etill  give  wo  a  reliable)  Aim  „  'Ska  coat  re?,  and  screen  grids 
era  BViigvd.  a®  in  "bum-typa  tuhoo*  She  mtspressar  grid  it;  round  in  tho  opposite 
cense,  Gold  plated  grid  uix-o  and  copper  lateral  a  ax1©  aood  „  Ho  tooling  io  m- 
cairod  to  produce  bio  tube,  fMa  should  keep  the  cost  clour.  end  reduce  tie 
uoll’O'G.vp  tiiciCo  Mr,  lid 00?  ©aiphas  iz®&  that  thoy  buvo  continually  kept  the  pro- 
lXo:n  of  long  life  in  wind  and  have  giror.  ua  the  heat  Icng-Xifo  oanaty/uctioa 
they  oiuu  Kiser  f  ee»3.3  tt  how&vo:? ,  that  ho  oywiot  .estimate  the  life-  and  s  3  if© 
toot  io  the  only  wry  to  rxuce  au.ro  that  this  is  0.  long-life  tube# 

fthoy  shewed,  e.e  the  ‘bridge  ch&r.-sctorifstio?)  of  the  lot  that  they  ht.vs 
Jifide  avd  also  tho  trcaofo?  ohar&ot ©ri sties  for  bubo  Ho,  .1.-  At  a  screen  voltage 
cf  10;;i  ml.tr. 9  tub®  Sic.,  1  gave  '!9  aa,  plato  current  at •  sore  grid,  Tho  ccr.trol 
g-rid  cutoff  is  «X2  wits  aad  the  sup-pressor  grid  cutoff  in  -S  volte, 

'Mbs  Ho,  10  looked  like  a  mors  average  tube,  l?o  took  it  and,  in  an 
effort  to  increase  (Bake  loss  negative)  the  00 toff  voltages t.  mads  8ios.sra.irc Boats 
to  determine  the  transfer  characteristics  at  e  screen  voltage  of  fit)  voltf,  Wo 
aid  this  bacaaac  wo  felt  that  wo  could  at  and  ect.o  reduction  in  the  aero-grid 
plato  currant. ,  pai’1; :‘. c-.ularly  if  the  cutoff  could  bs  "brcagiit  in,  Under  those  con-- 
Citions,  tuba  Ho,  3.0  gave  &  aoro^grid  plate  currant  of  hi  ra&«  The  contrc<l“grid 
cutoff  was  "11  volts  end  the  mpprossor-grld  cutoff  wnc  -fi  volts, 

lie  felt  that  the  lower  cutoff  on  the  controlUgrid  v-ouJ/l  not  ho  ex. 
ansrarsiountablQ  difficulty.  Wo  would  rathor  sos  the  sharper  cutoff  or.  th& 
suppress  or  grid  so  that  tho  gate  tubs  can  ba  controlled  directly  from  a 
flip-flop.  The  cossti-ol  .grid  i®  oft  os?,  driven  from  a  buffer  amplifier  i/h&ro 
fchsro  io  plenty  of  ssSOTlit/ado  availab?>s,  ;tn  saeay  ctusos ,  the)  control  gj.’ia.  is 
driven  from  the  hots,  9ihe  thing  to  keep  in  Bind,  then,  is  the  siiaiwa®  oif^nl 
enrolitude  on  the  bus.  W©  can,  with  the  control-grid  cutoff  of  -11  volts,  use 


the  tube  in  0 nr  present  design,  i.a. , 


with  -lb  volts  fiseC.  bias.  However, 


SyX  vania  -asm  incroasc  the  cutoff,  wo  will  b©  erf  or© 


.uncuv.r.t  i. 


.  rg'>  P  V 


i^ipoxitxa  wU.1  cats  ,o  ’-he  gild  'atfc'.At  peeing  i  e-u  'lort  ,<  ?.rw  “or.cv- 
the  cutoff  cn  t.io  ooatrol  ;ri  <  Cevt,  \n\y  M  o j  cne  prevent  cutoiY  fr»i 
dccreaeir g  below  *11  volt 

Yz.  decided  to  take  ooiva  saapltc  of  thlo  tabu  back  ho  :nl?,  ©.:ii 
Bxfjco  enough  so&jQXQBsntR  to  csitiofy  cn  reolveo  thot  (hi  tu  ‘<;i  it  o  jJ-t'  -;t  jil  , 

Emporium  1b  saro  that  If  vs  decide  Iht  tuba  in  0J\  t.soy  will  thin  ,o  pro¬ 

duce  it.  Tho  final  decision  then,  will  1)e  made  on  the  b.-u' 3  >1  thic  ns«*li 
lot  of  five  tubes,  2,  6,  10,  12,  and  13.  Vo  wJ.ll  try  to  giro  tho®  tho  0.<.  on 
about  Ootohor  17th..  Then  they  wllJ  w:Vo  a  ketch  of  100  or  300  tuba  a  and  ibr )’? 
complete  seanuroiaento  to  establish  their  production  opoco.  3y  Oct  a  box’  31  »t. 
they  will  give  no  the  average  characteristics  and  .all  the  tubes  frou  this 
batch  of  ?.00  or  200 

/ay  Uko  eft  or  that  wo  can  orc.tr  the  3000  tube  a  wo  want.  They  pl?.h 
to  ago  the  tube?  for  200  hourn  if*,  will  got  delivery  on  tho  3COO  iu  n\x  ir 

eight  weeks.  I?  we  went  $00  tube  a  in  a  hurry  for  laboratory  work  we  cun  jet 

them,  without  Hieing,  about  Kovcmbor  ISth. 

Sylvcnia  will  guarantor  to  fulfill  future  ovde.ro  in  a  epee i find 
nirdrcmn  t  imo ,  say  9  souths , 

The  price  will  be  established  by  their  cort  departm-snt  and  will 
probably  be  In  tho  neighborhood  of  two  or  three  dollars 

fleer  in  preparing,  in  writ  ing:,  tho  guarantee  and  tho  price  quotation. 

f-ylvonia  in  naking  a  ruplneeaoit  or  nenr~ equivalent  of  the  6dC>7  for 
Phllco  television  receivers  Thio  is  a  look-in  known  as  the  *  We  no* 
have  date,  on  thin  tube.  The  plate  current  is  ?  iaa.  lens  than  the  6.107  ini  tho 

gn  is  9.500  P*0" 

The  Fhlloo  tuboa  rro  being  mat’ <  with  e  cage  to  reduce  tho  grid-pl *to 
capacitance.  This  cage  if:  giving  the?:  trouble  in  out- ,-jr.nci  ig  tho  tubes.  Since 
wo  are  not  part icnlarly  interested  in  grid  pinto  cejinoitanne ,  ve  would  Jupt 
soon  hare  them  without  tho  cage.  Fifty  7AD7‘c  v«re  ruu  thn  the  p reduction  lino 
without  the  cage.  We  have  ?7  of  these  tubos;  tho  type  is  7 Y{ d.  Tao  fC(A  hr.t 
an  improved  cathode  pud  heater1  const not! on  end  sovornl  other  3.vrai‘ovouent«  which 
should  make  it  bott-or  thor  the  6ag"< . 


Diotritution: 
S.  R.  Boyd 
D.  R.  hrovn 

D.  J.  Crai/fcrcl 
S.  ».  Dodd 

J.  C.  Ely 
h.  E,  Bvarett 
H.  fahnosiock 
G.  G.  Eobcrg 

E.  Vi.  Sard 
3.  Taylor 


Sifjnod  %2y.':KrA. 

David  R.  Brown 


DRB/bvj 


if?  *  9  1  *ht[tI-  c:!'i  V.1- i^irv  -  ?  : ' 


6345 

Engineering  Notes  E-73 


.  Vfhirlvind 
.sa'ju  Labciratox; 
ii trite  of  Taob 
Kan  ci  achu  setts 


Servasechani 
Me.GGaphus.et  to  Inst 
Cambridge,  1 


SUBJECT  s  MEASUSEH1SIT  3  ON  Tff 


9  SSETCB  OS-  O’FEB  SB-XC^O  wHTE  TUBE 


6345  Enginesro 


Eugene  W.  Sard 


October  22,  1947 


Date 


Introduction 


The  C-4999  8Qri.ee  ie  the  latest  find  boot  of' 
Five  C-4999.  series  tubes  were  available  for  exporimen' 
to  have  essentially  the  same  character!  otic  of  T)x  awin: 
static  characteristics  for  tube  No,  10  of  the  0-4999 


Three  typos  of  gate  circuits  were  used  in  the  ccc.ruc  of  the.  vorl-g  0 
first  was  agate  circuit  to  produce  a  positive  output  pul  no,  the  second  tyas  r 
gate  circuit  to  produce  a  negative  output  pulse,,  and  the  third  was  e  gate  cli 
cult  to  work  into  a  step-down  transforaev,  cable,  and  stop-up  tr&usf ower .  7 

addition  four  gate  circuits  of  the  first  type  were  connect  t>&  in  case  add  to  cl 
the  behavior  of  a  chain  of  gate  tubas  a  For  most  of  the  nonsurcnivute .  r-e  sup 
pressor  of  the  gate  tube  was  tied  to  cathode.,  Rowcm or- ,  noiual  gating  of  the 
suppressor  was  also  tried  in  the  case  of  the  first  end  second  tytuis  of  gate 
circuits.  The  results  of  actual  gating  and  tying  the  suppressor  to  cathode 
agreed  fairly  we,Ll, 


Except  where  otherwise  described,  the  input  to  the  above  gate  circuits 
was  a  rounded  half- sinusoidal  positive  pulse  about  0  *  //  r  wide  at  tho  'fcaso, 
occurring  at  a  repetition  rate  of  either  approximately'  1  me.  or  2  l:c,  (ihc 
output  amplitude  of  the  gate  circuits  tested  yj&s  about  the  Basso  fay  theta  tvo 
repetition  rates) „ 


Experimental  Work 


The  basic  gate  circuit  used  is  shown  helot 


INPUT  Q'QI 

(F*2sm\is 

PUtJEctJ  s  i 


opc^ed  poft 

ct-c 

SUPPftE&^tSs 


:  p*  :i.'  V'  ":'-  ■  ':• 


Uato  Oir-ru.i,  to  i'rc<  uce  i 


He*o  l,  oiaBlatfi  of 


W»e  2c  MAN)  In  this 
following  rito^e ,  . 


ircui. 


Values  of  output  nmplitudii  >.  -tj.-ji-;  i.nn 


Input  Aripli  but-c 
in  Volt  s 


Xivput  I> 


l‘h?  ou  tput  pulse,  was  abta  i  (  /, 
input  pul  so  .. 


Gate  Circui 


Here  Z  ccnristr/  of 


Values  of  on  lout  amp.i tud e  versus 


•« put  iviolftnile  r.-'o  : fcbj.il 


Input  Anpli tude 
in  Vo  .to 


Output  /on  .'i  toirls 
in  Voll* 


The  outpu 


pulse  wan  > oou  t 


3->  Oate  Circuit  to  Work  Into 
Step-Up  Transformer, 


iteasuromeuts  on  this  circuit 
similar  to  that  of  I!  6o. 


rtu^fUnVkii  c  lijciijw  .i  f 


wiakikH'LUu  t  m 


below 


Input  Amplitude  , 
in  Volts  _ 1 

_  s_ 

!  K)_ 

[_li 

Output  Amplitude  j 

O?:; 

i  10 

! 

j; 

in  Volts 

1: 

In  oald-og  thaao  meast.renents,..  m  actual  -tube.  lues  way  '2  sea  instead 
of  a,  lumped  22  MITFD.  condenser.  Additional  measi'-rar/iecAs  •:>'■-  several  of  this 
type  oi'  ,yate  circuit  connected  in  cascade  are  b:-;lng  made.  snc  bisso  nev 
measurements  plus  wore  complete  info  mat:,  on  on  the  above  circuit  »ii.-.l  11 
pvCol i chad  later,  , 

4-„  Four  oi'  the  first  Type  of  Gate  Circuit  Connected  >..a  Oascado . 

'tilth  the  four  tubes  denoted  by  VI  -  74  respective].;?  ,  fucplibudos  at 
different  oointe  in  the  chain  are  tabulated  below. 


All  numbers  are  amp3.itu.de  in  voltr 

Incut  to  VI  Input  to  Y2  Input  to  V} 
"  “Ti  ’  ?"  *” 


input  to  rk 
o' . . 

£! 


Outgu.t  cf  Vk 

"‘o'* 


The  output  of  V4  was  about  0.07  jj^  'aid's  An  contrast  to  the  Qfl/s 
wide  input  to  VI,  When  the  input  to  VI  was  s.  t fupessoldol  pulse  instead  of 
a  round  pulse,  no  significant  difference  in  pulse  altitudes  throughout  Voc 
chain  was  noted,,  and  the  pulsd's  trapezoidal  ahvpc  was  rjfflnadj.afcely  converted 
to  a  round  shape. 

SR-1030  gate  tubes  of.  the  C-U5P3  caries,,  when  triad  in  the  various 
circuits  above,  gave  approximately -half  the  output  amplitude  obtained  with 
gate  tubes  of  the  C--4;J99  aerie 3., 


\  f  j ji 

Signed  *W>  ..•iffiA.ti, 

Sagans  W«  Hard 


Drawing ? 
A-3S302-G 


CONTROL  -  GRID  CRW<ACTER*S7\C 


GR\D  CWARf\CT£ktVnC 


CONTROL-  GHUJ  AN U  WRRES5CR  -  GRID  TRANSFLK  CHAKRC  TEMLTICS 
TIFF..  TR-IOTO  ,  JEST  "C-TW  ,  TVJBt  ^O 


CONTROL- GRtO  CHARACTERISTIC. 
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SUBJECT:  V/iCUUM  TUBE  ESTIMATE  FOR  MI 

To:  Jay  Wc  Forrester 

From:  N.  H.  Taylor 

Date:  November  7,  1947 

The  breakdown  of  tube  quantities  in  WWI  design  is  as  follows: 


1. 

STORAGE 

4  16 

Per  digit:  Storage  Tubes 

2 

Amp0  &  Switch 

12 

Read  In  &  Out 

12 

261  16  digits  -  416 

2<> 

STORAGE  CONTROL 

15  8 

8  Way  Switch 

31 

Counter 

20 

Selecting  Bank 

7 

Deflection  __ 

100 

158 

3. 

ARITHMETIC  ELEMENT 

8  9  6 

A,  B,  &  Acc  Registers  56  X  16  R«gietero 

4® 

ARITHMETIC  ELEMENT  CONTROL 

17  6 

5o 

REGISTER  PANEL 

4  3  0 

Check  Register,  Program  Counter,  Program 

Register,  &  Stepping  Register 

6. 

FLIP-FLOP  STORAGE 

5  9  2 

7« 

TOGGLE  SWITCH  STORAGE 

3  4  1 

e. 

MASTER  CLOCK 

4  0 

9. 

CONTROL 

2  3  6 

Control  Switch 

111 

T.  P,  Distributor 

45 

Operation  Matrix 

54 

Program  Matrix 

26 

23T” 

10, 

,  GATE  DRIVERS  &  BUFFERS 

16  0 

TOTAL 


3  4  9  5 


■  . -  ■ 


I 
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A  breakdown  of  tubes  by  functions  ie  @0 limited  beMi: 


Buffer  Amplifiers 

870 

F.  F0  Tubes 

700 

Gates 

1149 

Storage  Tubes 

32 

Indicator  Tubes 

298 

Trigger  Tubes 

298 

Power  Tubes 

148 

Total 

3495 

NHTthca 
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Pro  Jo  c  t  Will  rl  wl  nd 
Servoraechanl  tints  Lf  boratory 
Kass'-’chuaatto  Institute  of  Technology 
Cambridge,  Massachusetts 

i  ' 

jSUBJSCT:  TUBS  TYPMS  FOB  VTJFLriKI)  I 

To:  Jay  W.  Forrester 

From:  David  B.  Brown 

Bate:  November  10,  1947 

Following  is  a  tabulation  of  the  tube  types  e  Whirl¬ 
wind  I. 


a. 

2D21  , 

b. 

3E29 

c. 

6AG7 

d. 

6A115 

a. 

6SN7W 

f. 

6Y60 

g. 

7F8 

h. 

715C 

1. 

Sib- 1030 

This  is  a  ain.ature  tetrode™ type  thyrntlon.  Tetrode 
thyratione  are  needed  in  ;he  circuits  which  generate  push-button 
pulses.  The  2D21  is  adequate  for  thie  application;  a  2050  would 
probably  work  just  rs  wel.. 

b.  3E29 

This  Is  a  twln~un.lt  beam  power  amplifier  for  use  re 
a  buffer  amplifier.  It  l:i  used  for  working  into  low- impedance 
loads  which  demand  more  current  or  more  power  dissipation  than 
is  available  in  the  SAG?,  The  3E29  was  selected  because  It  le 
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designed  for  pulse  work  end  has  a  steeper  transfer  characteristic 
than  other  tubes  in  the  fame  power  class, 

c.  6A07 

This  is  a  power  amplifier  pentode  for  use  In  flip-flop 
circuits  and  as  a  buffer  amplifier.  It  is  a  metal  tube  and  has  an 
octal  baee.  It  was  selected  for  use  in  these  applications  because 
of  the  steepness  of  its  transfer  characteristic  and  the  amount  of 
plate  current  available.  Since  Whirlifind  I  is  being  designed  for 
maximum  accessabillty  and  circuits  which  are  coupled  together  are 
often  far  apart  in  space,  shunt  capacitances  ire  often  determined 
more  by  the  arrangement  cf  components  and  the  number  of  components 
in  a  load  circuit  rather  than  by  the  tube  capacitances  themselves. 
Consequently,  the  absolute  current,  rather  then  the  figure  of  merit, 
la  often  the  important  factor.  For  this  reason,  the  6AG7  is  superior 
to  the  6AK5  and  other  lov-current,  higfa-transconductsnce  tubes. 

Ite  desirability  and  p  'rionnance  in  flip-flop  circuits  Is  described 
in  detail  elsewhere  (vol.  15,  R-113,  31-56,  E-64). 

A . fitfS 

This  tube  is  a  miniature  r-f  pentode  having  a  high 
figure  of  merit.  It  may  be  used  in  video  amplifiers  in  conjunc¬ 
tion  with  electrostatic  ttorage. 

e.  6SN7W 

This  is  an  octal-base  twin  triode.  It  le  a  rugged, 
reliable  tube  and  will  be  used  to  operate  the  indicator  lights 
which  indicate  flip-flop  orientation. 

Thie  is  a  beim-type  power  amplifier  lor  use  as  a 
buffer  amplifier.  It  provides  greater  plate  current  thin  the 
6AQ7  at  the  same  screen  ;md  plate  voltages  but  requires  a  greater 
grid  swing.  Where  the  grid-swing  ie  available,  it  may  he  used  to 
advantage  instead  of  the  6A&7. 

This  Is  a  loctal-hase  twin  triode  having  high  trans- 
conductance,  It  may  be  used  with  the  32-positiou  switch  to  improve 
the  switching  time.  An  effort  will  be  made  to  uoe  the  tiSNTW  fox 
this  application. 
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. a._.jag£ 

This  1b  pulse -amplifier  tetrode  in  the  transmitting 
clas.s.  It  1b  need  e.e  an  amplifier  in  the  electrostatic  deflection 
circuits  which  must  work  into  a  100-oiim  load.  It  was  selected 
because  it  has  sufficient  traneconductance  to  give  a  gain  greater 
than  unity  while  working  into  this  load.  It  has  a  higher  trane- 
conductance  than  any  other  tube  in  the  sane  power  class.  Also, 
it  does  not  require  special  cooling. 

SEhlQSfi 

This  is  the  Sylvan! a- type  number  for  a  gate  tube  which 
has  been  developed  by  Sylvanla  for  Project  Whirlwind.  The  reasons 
for  the  use  of  a  special  tubo  are  die cussed  in  volume  16. 


David  R.  Brown 
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Summary 


Striking  voltegec  for  tan  Iiittlafuiie,  -211 007,  neon  Xi^rps 
wave  measured  and  found  to  range  from  65  wit -s  to  84  volt  a;  average 


72  volts.  Who  holding  voltage*,  extinction  of  glow,  were  measured  aod 


found  to  v an.ge  from  49  volt- a  to  68  volts;  average  88  volt -'.he;  lrj;t 
striking  voltage  Is  soiuotiw.ee  higher  thai  oucaeadlns  striking 
Hodnoing  ©jn'olcnt  tetaporatura  of  lamps-  iucreaaad  the  fit. viking  voltage. 
Obanglag  the  polarity  of  L2 ttiafua©  l^iapa  ceussd  tho  striking  voltage  In 
change  -as  much  as  10  volte- 


Striking  vclt8g®w  for  ten  Genersl  .iSIoivoricy  iib"->5JL.  noon  lanps 
u*r«  measured  ssnd  found  to  raa?o  from  62  volts  to  80  volte;  average  69 
volts,-,  Holding  vo  It  ago  e  were  measured  and  found  to  mge  froc  45  wits  to 


30  njlte;.  average  80  tolW  T?ho  difference  bratweiM  first  atri!-::u:»s  _ 
volt age a  and  succeeding  one a  did  not  exceed  one  volt.  Heveraing  polar J  ty 
of  KB- 51  lamps  changed  the  striking  voltage  Iso  a  than  one- wit* 


Method  of  Obtaining  Chirac  thistle  s’. 


lamps  of  each  typo  wore  oho n-sn  at  random  t«  ftudj  the 
striking  and  holding,  voltages.. '  A  10Gt  QOO*»ota  re  e!  avoir  yss>.  put  in  aerie  is 
■vdt.h  the  lamp  under  test-  and  voltage  measured  aorcvia  th®  laatp  with  & 
vaj’.u»m«-ttCoe  voltmeter  having  an  input  resistance  greater  then  W  kegohntw 
I.  microammeter  was  placed  in  aerie »  with  the  LOO, DOO-onra  rosUoor,  the 
circuit  diagram  :5.  chow,  in  Drawing  A^30*i6f>-  Data  were  obtained  to  show 
Sho  relation  of  current  to  voltage.-  Applied  wit  age  was  inure  a  a  sd  end 
sum-sot  measured.  Headings  vara  taken  at  and  just  after  striking*  • 
foliage  rsadinge  wore  also  taken  at  300  400.  600,  000 1  and  J.C00  micrcrmipwireifj 
Ih-i  applied  voltage  was  reduced  end  the  voltage  readinge  again  tc.vv.on  at 
tho  above  current  value  b  to  make  cor  tain  til©  curve  retraced  ivsexic 
Headings!  ware  ,%t»  token  at  100  and  50  microamperes  as  well  as  just  her  or* 
and  after  extinction  of  glow, 


®he  relation  of  currant  to  voltage  la  town  for  three  of  the 
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MEMORANDUM  H0„  H-?2 


aEHVORBC HAKI SM S  LABORATORY 
MaseachUBOtte  Institute  of  Technology 
Cambridge,  Knaaachueotte 


TO; 

Joy  W„  Forrest  or,  S.  E.  Dodd,  W»  ilolan 

J„R,  Kacdonrdd,  Youtz 
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FROM 

Ituoeoll  Polmlter 

Dr  awinge 

SA-38198-& 

SUBJECT-, 

Deionization  Characteristics  of  General 
Electric  JOS-2  Boon  Lamp,. 

S  A- 38199-0 
SA-38300"0 

SA.  ■  39301-0 

DATE; 

April  29,  194? 

SA-39 303^0 

Parpoit  -  The  purpose  of  this  tost  was  to  obtain  preliminary 
Information  on  the  deionisation  time  of  a  glow  discharge, 

% 

Procedure  -  The  General  Electric  Nffi-2  Neor.  Lamp  was  chosen 
for  this  preliminary  tost  because  of  its  availability  raid  convenient  size. 

The  circuit  used  Is  shown  in  Drawing  SA-39202,  Rent  store 
P.i  and  B.,  provide  a  variable  ionising  voltage  measured  with  tho  Voltohmyet 
at  V„  Switches  S-,  find  S0  permit  ionizing  or  deionising  the  lamp  without 
disturbing  the  sotting  ox  potentiometer  Eg., 

Eg  servos  as  a  current  limiting  resistor  for  the  lamp,  and 
also  Isolates  the  pulse  from  the  low  real  stance  potentiometer  circuit,. 
provides  at  a  voltage  output  proportional  to  lamp  current  for  scope 
prsaentatlon. 

k  positive  pulse  ie  applied  at  J  through  or,  output  condenser 
in  tho  pulse  amplifier.,  The  1H34.  and  were  coded  to  ror.  >  ,*o  a  negative 
overshoot  on  tho  pulse,  and  and  corrected  a  drooping  pulse 
characteristic  on  tho  longer  pulse  durations  Puleo  amplitude  vae  measured 
on  the  synchro  scope .> 

Tho  deionisation  characteristic  wae  obtained  by  setting  B0 
to  obtain  a  negative  holding  potential,  or  bias,  groator  than  the 
deionising  voltage  but  leso  than  the  ionizing  potential.  The  minimum  pulse 
width  required  to  consistently  extinguish  the  lamp  at  various  positive 
pul  a©  amplitude  o  was  recorded. 

Results  -  These  data  are  plotted  for  three  lamps  in 
Drawings  3A»38198~G  through  3  A- 38200-6.  For  each  lamp,  curves  are  shown 
for  three  bias  voltages  within  the  limits  notsd  above. 

It  should  be  noted  that  tho  curves  are  titled  "Fulda 
Amplitude  vs,  Puleo  Width  Required  to  Deionise  at  Constant  Holding  Voltages", 
in,  strict  rcco r dance  with  the  test  procedure.  Subsequent  observation  of 


>1'  HMfFMM  NkMIPI****  **>*■*■<'*  •»«  Wl 


6J4b  ,j 

Memorandum  Mo,.  V^72 

■tom-  current  with  constant  bins  ana  pulse  aiapi.l tu&o  hut  *itn  a 
"SaX  pSel  vldth  Locate,  that  the.,  data  may  ho  ooo.sid.ared  to 
he  Pul  go  Amplitude  to,.  Deionisation  Time  at  Constant  Hoi*  in;  Voltage. 
5tha  SJ5  toT  short  to  extinguish  the  lamp,  the  imp  current  did  not 

to  extinguish  the  lamp  gave  a  constant  time  of  fall  for  ^ 

Spot  checks  made  In  this  manner  agree  with  plotted  data  within  the 

limit  a  of  precelsion  of  the  test  procedure. 

It  was  noticed  that  pulse  amplitudes  greater  than  the  maximum 
value a  shown  necessitated  increaeing  pulse  duration  to  extinguish  the 
lamp.  It  is  believed  that  this  was  due  to  deficiencies  in.  the  ,ea 
equipment.  In  this  region  of  the  characteristics  a  high  rate  oi  change 
obtains,  and  slight  departure  of  the  pulse  shape  from  true  rectangular 
is  offered  as  a  possible  explanation  of  this  phenomenon,. 

Conversely,  the  low  rate  of  change  at  the  other  end  of  the 
characteristic  Indicates  that,  if  desired,  much  longer  time  intervale 
could  b®  observed  with  smaller  pulse  amplitudes  and  Increments. 
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Fvrooso  of  Test;  To  supplement  published  data. 


Reference  Data  found  In  1CWL'.  5*»19s 

Conclusion!)’.  With  serosa  volt  ego*  of  60  volts,  two  of  tto  six  tubes 

tested  showed  a  random  lowfreqv/mcy  drift  which  Tar  1*1  3  Rnd  \ 

<d 

as  much  as  1,2  rallllamporos  each-  Control  grid  current  was  too 
small  to  giro  a  measurable  Indication  on  a  on®  nllllampere  meter 
when  the  control  grid  was  more  v.han  cne»holf  wit  negative.  Maxltuum 


control  grid  current  at  +  1  roll:  Ec  for  the  six  tubes  tested  want 


2„5  railll ampere n  with  values  of  at  +  50,  +  100,  +  ItO  volte. 

3 


Whin  B  is  more  than  2  volte-  negative  at  60  volts 
B  I  end  I  become  quite  mail  tuad  wore  not  plotted..  Thin  to  .dm 

V  P  '  °2 

true  for  values  of  B  great*:-  than  «6  volts  when  E  ICO  volts. 

°j.  3 

and  value u  greater  than  -?  volt®  when  B  «  150  volto. 

2 

Technician?  0®  W0  LeBl/vao 


LIU?,  ho./ 


6AGX  STATIC  CHARftCT&msXi 
SCREEN  VOLTAGE  *»+SQV 
E-9  *  G.3-V  AVERAGE  OF  G  TUt 


DATA  FROM  1CWL  5-19 

TESTS  B*  CWt - — 

"TESTS  MADE  a/tt/ 47 

ENGINEER  tN  CHARGE 


LDW 


<- 

*»*«i 

•--i— 

] 

-  — 

!  i 

- r- - - 

; ;  ]_j 

i 

! 

■>— f"'"|w( 

T^lfl 

— 

J 

j 

i 

H 

“"1 

, 

i 

T  ■ 

i  .j 

i 

t 

— ■ — 

dbua-L- 

Ij 

1 

Vt 

Er 

yiife. 

a 

r 

Ll"" 

111 

i 

S 

o 

:  .  t 

7 

5 

! 

K 

_  j 

?LL 

■ 

IB5 

£t 

MRU* 

l 

L  , 

t 

'••.:5 

•  ■  -ic 

•  :.V 

i  ■; 

■ 

[_ 

- 

■r  R 

i 

■ 

J 

IN 

VOli 

lL^ 

„  1 

J 

.1 

/  ’ 

LiL- 

— 

J 

$ 

£“  J 

FI 

'1^7 

' 

- 

-- 

£} 

-  ' ; 

■■  -V 

r  •  •- 

t—  |  — 1 

'  V 

K- 

-  J .  - 1 ; 

F 

L 

i 

3 

r*4— 

r:> 

■t  Ji 

jXu 

2 

a-~ 

;Lfi 

L,  ■ 

£21 

-»  *  » 

— 

u. 

X  , 

Li 

F 

'll 

F- 

L_ 

L|.;  . 

lL-1L- 

i  ■ 

u~J — L 

*  ^ 

rF 

L_w- 

c 

O— 

-r 

IX 

LL 

l; 

ci5 

X 

B 

1BBH 


C  CHRRRtlSmSTlCS 


VOUTf\GC  -  +  SOV 

fcVERRGE  OF  6  TUBES 


1CV/V.  F-19 
«V*VL 


fcAGl  STATIC  CHARACTERISTICS 
SCREEN  VOLTAGE  -  +  IOOV 
Ef--fc.UV  AVERAGE  OF  lb  TUBES 


DATA  FROM  ICWL  5-1*3 
TESTS  BV  CWL 
TESTS  MADE  E/14/47 
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Project  Whirlwind 
Servomechani  emo  Labo  rat  o  ry 
MaasachuGetts  Institute  of  Technology 
Cambridge,  MaseachusettR 


SUBJECT  i  6a&7  LIFE  TEST  RESULTS  AW)  REVISIONS 

To*  J.  W.  Forrester,  B.  Fahnestock,  H.  R.  Boyd,  H.  H.  Tnylor,  D.  R.  Brown, 

F.  Rochester  (Sylvanla),  B-  Stevens  (Sylvania),  F.  Anderson  (Sylvanin). 

From;  R.  L.  Beet 
Date;  October  ?1,  19^7 

After  running  165O  hours,  the  data  from  Ihe  Cs.Q{  life  test,  ut  Sylvania, 
hae  been  analysed.  Tho  rack  holds  100  tubes,  ?1  of  w)  ich  had  B-iupo3  ;dly  failed 


The  .01  mfd.  coupling  condonser  ha*  a  reactance  of  ?~(QY  1  60  cycles, 

this  representing  quite  a  high  impedance  driving  circuit.  A  Ballr.vtine  voltmeter 
was  connected  from  plate  to  ground,  measuring  the  output  voltage.  Tie  3.6  volt 
r.m.e.  signal  1c  10.?  volte  peak  to  peak,  and  it  was  thought  that  tV  e  would  be 
sufficient  to  drive  the  tube  from  cutoff  to  rero  bias.  However,  tfcv  coupling 
condenser  ie  so  3mall,  that  the  actual  grid  voltage  is  only  .95  to  l.\  volte  r.m.s., 
depending  on  the  tube.  Alternately  turning  .the  tube  on  and  off  wouTd  take  the  n-c 
plate  voltage  a  measure  of  the  emission  of  the  tube;  but  with  this  %ial(  grid 
signal,  due  to  the  high  impedance  driving  circuit,  the  output  to  !♦.'->  it  :oo:t;ly 
a.  treasure  of  how  much  the  tubs  loads  its  own  grid  circuit. 

The  end  of  life  point  was  specified  ns  the  time  at  whi'tt  the  cutp  v 
voltage  dropped  to  70$  of  the  output  voltage  at  ?7  hours.  Thj  first  lb  failures, 
according  to  this  specification,  wore  retested,  and  it  was  found  that  their  *•  -«*ge 
emission  was  78$  of  the  average  enisaion  of  1?  used  tubea  '/elected  at  random,  an<- 
85$  of  the  average  emission  of  l4  new  tubes.  This  show3  that  tho  failures  veren 
failures  at  all.  Hot  one  of  the  14  had  its  emlsBion  below  70$  of  the  average 
emission  of  the  new  tubes,  while  one  had  a  higher  emission  than  the  average  o 
the  new  tubes.  Emission  was  measured  in  the  above  circuit  by  grounding  'he  con 
trol  grid,  and  measuring  the  drop  across  the  plate  load  resistor. 


1 1 


KemoraU'Ju®  M-119 


The  flrut  l4  fnilurcp  v  «> »  9«  .  up  th-  iur  circuit  a  •■e*  i 
the  life  teat,  nnC  It  w?it  il  jor»tn  u  it,  di  mg  tin  »  ten  in -t  •  t  o  1 

lion,  the  average  output  and  the  average  cignal  anpen  'tag  on  he  both 

dropped  lj$.  Thin  gave  tho  appoarruice  of  having  the  v.:,»a  apt  areally  age  l 
hou r b  in  ten  minutes. 


One  tube  vac  mt  up  In  the  teat  circuit  with  (>,3  volt  on  the  filwiiora, 
the  output  being  8 ..8  volts.  After  IC  minutes ,  it  had  leveled  off  at  g  volts. 
Then  the ^filament  voltage  wan  suddenly  dropped  10$  to  5  fJ7  volt  a,  the  output 
voltage  dropping  to  61/  volts  in  2  seconds,  then  rir  :  '  grata  .illy  to  7-7  volts 
after  30  minutes.  When  the  filament  voltage  was  rest 01  oil  to  (  3  volts,  the  out 
put  rose  to  8„7  volte  in  .2  seconde,  than  gradually  dropped  of  to  ii.'f  volte  in 
30  minutes..  Then  the  filament  voltage  wnc  suddenly  increased.  10$  to  -">,93  volts 
the  output  voltage  dropping  to  a  minimum  of  2,2  volts  at  3  minutes,  gradually  i: 
creasing  to  4.2  volts  after  50  minutes,  onrl  still  slowly  rising.  When  the  fils, 
ment  voltage  was  restored  to  6,3  volts,  the  output  voltage  gradually  Increat ed 
7.2  volte,  after  50  minutes. 


Those  wide  variations  in  output  voltage  with  filament 
to  grid  loading  effects  than  changes  of  emission t  explain,  the 
the  data  taken  during  the  life  test.  Curves  of  output  vo,  tin 
often  show  deviations  of  jclO$  from  a  smooth  curie,, 


oil. ago,  duo  more 
neenni Btoncy  in 
for  a  given  tube 


la  the  above  circuit,  half  the  first  fourteen  appeared  snore  or  lose 
microphonic,  with  one  apparently  having  something  loose  inside  jumping  between 
various  output  voltages  ae  It  was  tapped.  When  driven  from  a  1  it iff  source, 
however,  only  .wo  tubes  wore  ao  axl  ...icrophoiiic  (  iiwif uttA  of  wIj.ccu  wo.ee  the  one 
that,  previously  appeared  loose  inside. 


Increasing  the  coupling  condenser  from  ,01  mfd.  to  ,  1  rafd.  is 
oatlsfactory,  and  the  addition  of  a  clamping  cfodo  eliminates  vaxiationB  in 
self  bias  with  filament  voltage.  A  39K  resist  nr  added  in  aeries  with  the 
capacitor,  clips  the  sine  wave  nicely,  so  that  plate  waveform  10  close  to  a 
square  wave.  Increasing  the  signal  from  3.6  "0  6.3  volts  furbhoi'  insures 
that  the  tubea  will  bo  ait,  off  and  on  every  cycle.  Tho  mod  if  .ad  circuit  Its 
below,  with  the  impedance  level  reduced  by  a  f-ctor  of  10,  00  that  10  grids 
may  he  driven  in  parallel,  by  a  single  circuit. 

3™  l  v  i  0  6  v 


.affniud  s/V/NA/V, 


parallel 
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Measurement g  will  be  made  on  the  rack  every  Monday,  Wednesday ,  and 
Friday.  These  measurements  shall  consist  of  10  a-c  grid  voltaren,  one  at  each 
of  the  10  sets  of  10  gride  In  parallel,  as  well  as  the  a-c  plate  voltage  at. 
each  of  the  100  tubes.  Before  each  measurement ,  filament  and  signal  voltages 
should  he  set  at  6-3  volts,  plate  supply  voltage  at  150  volts,  and  screen  supply 
voltage  at  100  volts.  For  a  given  tubo ,  end  of  life  shall  be  reached  when  its 
output  voltage  drops  to  of  It  a  initial  orttput  voltage. 

The  tubes  now  In  the  life  rack  shall  remain  there;  after  data  has  boon 
taken  on  them  for  two  weeks,  tho  results  will  be  reviewed  to  determine  a  means 
of  comparing  the  two  different  sots  of  data. 


Signed 


R.  I.  Beet 


HLB/ap 
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Project  Whirlwind 
Surv onioch;m:L  ema  Laboratory 
Mnasachueettn  Institute ‘ of  Technology 
Cfuob rids; a  „  Mas eachuoet t e 

SUBJ EC  '  SUPPLEMENT  TO  JK  -119;  GAS7  LIFE  TEST  RBSU i/f S 

To  J,  W.  Forrestor,  II.  Fahnontock,  Ii .  R.  Boyd,  H ,  II.  Taylor  , 

D.  R.  Rrovrn,  H,  Rochester  (Sylvrnin) ,  D,  Stevens  ( Sylvurla) 
f,  Anderson  (Sylvania) 

From-  R  L.  Beat 

Data-  October  28,  194/ 

The  first  27  tubes  in  the  UA3 /  life  teat  rack  that  failed,  acc.-rd 
lng  to  specifications  sot  forth  in  Engineering  Rotes  Kot  E-'4’3  have  Loon 
tested  for  emission  This  was  done  by  grounding  the  control  and  suppress  u* 
gride,  supplying  the  screen  with  100  volte  through  100  ohms,,  supplying  the 
plate  with  150  volts  through  1000  ohms,  and  measuring  the  d-  c  drop  ac-ose 
the  plate  load  resistor  The  average  emission  of  these  2/  tubes  was  ji? . 4  n  u» 
while  the  average  emission  of  14  new  tubes  was  3^-0  n-a  The  ratio  oi  the 
emissions  of  the  failures  to  the  new  tubes  was  90$  Hot  on!"  the  1  allures 
had  Its  omission  below  70$  of  the  new  tubes’ emission. 


Since  no  emission  measurements  wore  made  on  the  life  test  tubes 


at  the  beginning  of  the  run,  it  in  hard  to  sey  whether  any  tube 1 r  emission 
has  dropped  to  70$  of  its  initial  value  or  not.  However,  the Toacur aments 
Just  mads  do  Indicate  that  the  greatest  number  of  tho  failures  weronH  failures 


at  all,  but  that  their  drop  in  output  was  primarily  due  to  grid  loading  effects 
(see  M  119) . 

P  /  (R/ri-) 

Sianed  A-  ' 


HUB/ ap 


Signed, 


E,  L  Boat 


6  AS® 


j^rimental  T  ub 
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